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OBJECTS, 
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SCIENCE. 



INTRODUCTION. 

In order fully to understand the advantages 
and the pleasures which are derived from an 
acquaintance with any Science, it is necessary 
to become acquainted with that Science ; and 
it would therefore be impossible to convey a 
complete knowledge of the benefits conferred 
by a study of the various Sciences which 
have hitherto been cultivated by philoso- 
phers, without teaching all the branches of 
them. *But a very distinct idea may be given 
of those benefits, by explaining the nature 
and objects of the different Sciences : it may 
be shown, by examples, how much use and 

gratification there is in learning a part of 
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2 OBJECTS, ADVANTAGES. AND 

any one branch of knowledge; and it may 
thence be inferred, how great reason there is 
to learn the whole. 

It may easily be demonstrated, that there 
is an advantage in learning, both for the use- 
fulness and the pleasure of it. There is some- 
thing positively agreeable to all men, to all at 
least whose nature is not most grovelling and 
base, in gaining knowledge for its own sake. 
Whoj you see anything for the first time, 
you at once derive some gratification from 
the sight being new; your attention is 
awakened, and you desire to know more 
about it. If it is a piece of workmanship, as 
an instrument, a machine of any kind, you 
wish to know how it is made; how it works; 
and wnat use it is of. If it is an animal, 
you desire to know where it comes from; 
how it lives ; what are its dispositions, and, 
generally, its nature and habits. You feel this 
desire, too, without at all considering that the 
machine or the animal may ever be of the least 
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use to yourself practically ; for, in all proba- 
bility, you may never see them again. But 
you have a curiosity to learn all about them, 
because they are new and unknown. You 
accordingly make inquiries ; you feel a gra- 
tification in getting answers to your ques- 
tions, that is, in receiving information, and 
in knowing more, — in being better informed 
than you were before. If you happen again 
to see the same instrument or animal, you 
find it agreeable to recollect having seen it 
formerly, and to thmk that you know some- 
thing about it. If you see another instru- 
ment or animal, in some respects like, but 
differing in other particulars, you find it 
pleasing to compare them together, and to 
note in what they agree, and in what they 
differ. Now, all this kind of gratification 
is of a pure and disinterested nature, and 
has no reference to any of the common pur- 
poses of life; yet it is a pleasure — an en- 
joyment. You are nothing the richer for 

B 2 



4 OBJECTS. ADVANTAGES, AND 

it ; you do not gratify your palate or any 
other bodily appetite ; and yet it is so pleasing, 
that you would give something out of your 
pocket to obtain it, and would forego some 
bodily enjoyment for its sake. The pleasure 
derived from Science is exactly of the like 
nature, or, rather, it is the very same. For 
what has just been spoken of is, in fact, 
Science, which in its most comprehensive sense 
only means Knowledge^ and in its ordinary 
sense means Knowledge reduced to a System ; 
that is, arranged in a regular order, so as 
to be conveniently taught, easily remembered, 
and readily applied. 

The practical uses of any science or branch 
of knowledge are undoubtedly of the highest 
importance; and there is hardly any man 
who may not gain some positive advantage 
in his worldly wealth and comforts, by in- 
creasing his stock of information. But there 
is also a pleasure in seeing the uses to which 
knowledge may be applied, wholly independent 
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of the share we ourselves may have in those 
practical benefits. It is pleasing to examine 
the nature of a new instrument, or the habits 
of an unknown animal, without considering 
whether or not they may ever be of use to 
ourselves or to any body. It is another gra- 
tification to extend our inquiries, and find that 
the instrument or ammal is useful to man, 
even although we have no chance ourselves 
of ever benefiting by the information : as, to 
find that the natives of some distant country 
employ the animal in travelling ; — ^nay^ though 
we have no desire of benefiting by the know- 
ledge ; as for example, to find that the instru- 
ment is useful in performing some dangerous 
surgicul operation. The mere gratification 
of curioaty ; the knowing more to-day than 
we knew yesterday ; the understanding clearly 
what before seemed obscure and puzzling; 
the contemplation of general truths, and the 
comparing together of different things, — ^is an 

agreeable occupation of the mind ; and, be- 
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6 OBJECTS, ADVANTAGES. AND 

side the present enjoyment, elevates the facul- 
ties above low pursuits, purifies and refines 
the passions, and helps our reason to assuage 
their violence. 

It is very true, that the fundamental lessons 
of philosophy may to many, at first sight, 
wear a forbidding aspect, because to compre- 
hend them requires an effort of the mind 
somewhat, though certainly not much, greater 
than is wanted for understanding more or- 
dinary matters; and the most important 
branches of philosophy, those which are of 
the most general application, are for that 
very reason the less easily followed, and 
the less entertaining when apprehended, pre- 
senting as they do few particulars or indivi- 
dual objects to the mind. In discoursing of 
them, moreover, no figures will be at present 
used to assist the imagination ; the appeal is 
made to reason, without help from the senses *. 

"♦ The ordinary Edition was published without any 
figures, and those given here are rather ornaments than 
illustrations. 
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But be not, therefore, prejudiced against the 
doctrine, that the pleasure of learning the 
truths which philosophy unfolds is truly above 
all price. Lend but apatient attention to the 
principles explained, and ^ving us credit fi»r 
stating nothing which has not some practical 
use belonging to it, or some important doc- 
trine connected with it, you will soon perceive 
the value of the lessons you are learning, and 
begin to interest yourselves in comprehending 
and recollecting them ; you will find that you 
have actually learnt something of science, 
while merely engaged in seeing what its end 
and purpose is ; you will be enabled to cal- 
culate for yourselves, how fSar it is worth the 
trouble of acquiring, by examining samples of 
it; you will, as it were, taste a little, to try 
whether or not you relish it, and ought to 
seek after more; you will enable yourselves 
to go on, and enlarge your stock of it ; and 
after having first mastered a very little, you 

will proceed so far as to look back with won- 
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der at the distance you have relEU^hed beyond 
your earliest acquirements* 

The Sdences may be divided into three 
great classes : those which relate to Number, 
wnd Quantity — ^those which relate to Matter 
— and those which relate to Mind. The first 
are called the Mathematics^ and teach the 
properties of numbers and of figures; the, 
second are called Natural Philosophy ^ and 
teach the properties of the various bodies 
which we are acquainted with by means of 
our senses ; the third BXQCsHeA Intellectual or 
Moral Philosophy y and teach the nature of 
the mind) of the existence of which we have the 
most perfect evidence in our own reflections ; 
or, in other words, they teach the moral na- 
ture of man, both as an individual and as a 
member of society. Connected with all the 
sciences, and subservient to them, though not 
one of their number, is History ^ or the record 
of facts relating to all kinds of knowledge. 



FSCIBNCE. 
I. MATHEMATICAL SCIENCE, 




[TUi VifiHtta TDprMDnt* TuritHu nlidi, ud the ^n> fonuil bjr 

DwntArf Tnatise on 0«anetry, ii flnfrkTed on » pjframid^ HenT iU 

<oAer wbiek, dp one ucle» ii a giobe ; betide i[ a CMf oat throogh ob. 
liqae]j,H u to f inr u cm/ or e£ftjint u Ihe Agan oFthfl Mcdon. 
Below the ecne i>SF]n«iid.0Ter irhiEkii (tolid, Uuiidee orfacei 
of which «reptfiila^u,oTATe4ided Afane. On ft plaae tablet ii f*- 
pmatad the tgart at the celebnted 4Tth Pmpgiitioii of the Tatt 
Book orEnelid. diicoTered ij Pythigoru, (Cbr which u* Fig, 1,) ud 
the tnth of which is prored by eompftrii^ together the difl^nt 
triuflt* into which lh« thna eqnueg ud tho triscgle itself are 
nhdJTided. Behind thit tnhlet an ihown n hatagon, or tit-tidtd 
folidgUi tttipioid.ot Dvalephere, nnd npnjn.J 

Tkb two great branches of the MathemO' 
tics, or the two mathematicBl Bcieiices, are 
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Arithmetic, the science of number, from the 
Greek word signifying number^ and Geome- 
try, the science of figure, from the Greek 
words signifying mjeasure of the earth, — ^land- 
measuring having first turned men's attention 
to it. 

. When we say that 2 and 2 make 4, we 
state an arithmetical proposition, very simple 
indeed, but connected with many others of a 

more difficult and complicated kind. Thus, 
it is another proposition, somewhat less sim- 
ple, but still very obvious, that 6 multiplied 
by 10, and divided by 9, is equal to, or makes 
the same number with, 100 divided by 4 — 
both results being equal to 9S. So, to find 
how many farthings there are in 1000/., and 
how many minutes in a year, are ques- 
tions of arithmetic which we learn to work 
by being taught the principles of the science 
one after another, or, as they are commonly 
called, ihendes of addition, subtraction, mul- 
tiplication, and division. Arithmetic may be 
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said to be the most simple, though among 
the most useful of the sciences ; but it teaches 
only the properties of particular and known 
numbers, and it only enables us to add, sub* 
tract, multiply, and divide those numbers. But 
suppose we wish to add, subtract, multiply,or 
divide numbers which we have not yet ascer- 
tained, and in all respects to deal with them 
as if they were known, for the purpose of 
arriving at certain conclusions respecting them, 
and, among other things, of discovering what 
they are ; or, suppose we would examine pro- 
perties belongbg to aU numbers ; this must 
be performed by a peculiar kind of arithme- 
tic, called Universal arithmetic, or Algebra *. 
The common arithmetic, you will presently 
perceive, carries the seeds of this niost import- 
ant sdence in its bosom. Thus, suppose we 
inquire what is the number which multiplied 

• Algebra, from the Arabic words signifying the reduc- 
tion of fractions ; the Arabs having brought the knowledge 
of it into Europe. 

B 6 
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by 5 makes 10 2 This is found if we diyide 10 
by 6, — ^it is 2 :, but suppose that, before find- 
ing this number 2, and before knowing what 
it is^ we would add it, whatever it may turn 
out^ to some other nuihber.; this can only be 
done by putting some mark, such as a letter 
of the alphabet) to stand for the unknown 
number, and adding that letter as if it were a 
known number. Thus, suppose we want to 
find two numbers which, added together, 
make ;9, and, multiplied by one another, make 
20. uThere are many which, added together, 
make 9 ; as 1 and 8; 2 and 7; 3 and 6 ; and 
so on. We have, therefore, occasion to use 
the second condition, that multiplied by one 
another they should make 20, and to Tfork 
upon this condition before we have discovered 
the particular numbers. We must, therefore, 
suppose the numbers to be found, and put 
letters for them, and by reasoning upon those 
letters, according to both the two conditions 
of adding and multiplying, we find what they 



PLEASURES OF SCIENCE. . 13 

must each of them be in ^ures, in. order to 
fulfil or answer the conditions. Algebra 
teaches the rules for conducting this reasoning, 
and obtaining this result successfully; and 
by means of it we are enabled to find out 
numbers which are unknown, and of which 
we only know that th^y stand in certain rela- 
tions to known numbers, or to one another. 
The instance now taken is an easy one ; and 
you could, by considering the question a little, 
answer it readily enough ; that is, by trying 
different numbers, and seeing which suited the 
conditions ; for you plainly see that 5 and 4 
are the two numbers sought ; but you see 
this by no certain or general rule applicable to 
all cases, and therefore you could never work 
more difficult questions in the same way ; and 
even questions of a moderate degree of diffi- 
culty would take an endless number of trials 
or guesses to answer. Thus a shepherd sold 
his flock for 80/. ; and if he had sold four 
sheep more for the same money, he would 
have received one pound less for each sheep. 
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To find out from this, how many the flock 
consisted of, is a very easy question in algebra, 
but would require a vast many guesses, and 
a long time to hit upon by common arith- 
metic*: And questions infinitely more dif- 
ficult can easily be solved by the rules of alge- 
bra. In like manner, by arithmetic you 
can tell the properties of particular num- 
bers; as, for instance, that the number 348 
is divided by 3 exactly, so as to leave nothing 
over : but algebra teaches us that it ils only 
one of an infinite variety of numbers, all divi- 
sible by 3, and any one of which you can tell 
the moment you see it ; for they all have the 
remarkable property, that if you add together 
the figures they consist of, the sum total is 
divisible by 3. You can easily perceive this in 
any one case, as in the number mentioned, 
for 3 added to 4 and that to 8 make 15, which 
is plainly divisible by 3 ; and if you divide 
348 by 3, you find the quotient to be 116, 

* It is 16. 
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with nothing over. But this does not at all 
prove that any other number, the sum of 
whose figures is divisible by 3, will itself also 
be found divisible by 3, as 741 ; for you 
must actually perform the division here, and 
in every other case, before you can know that 
it leaves nothing over. Algebra, on the con- 
trary, both enables you to discover such ge- 
neral properties, and to prove them in all their 
generality *. 

By means of this science, and its various 
applications, the most extraordinary calcula- 
tions may be performed. We shall give, as 

* Another class of nambers divisible by 3 is discovered 
in like manner by algebra. Every number of 3 places, the 
figures (or digits) composing which are in arithmetical 
progression, (or rise above each other by equal differences,) 
is divisible by 3 : as, 123, 789, 357, 159, and so on. The 
same is true of numbers of any amount of places, provided 
they are composed of 3, 6, 9, &c., numbers rising above each 
other by equal differences, as 289, 299, 309, or 148, 214, 
280, or 307142085345648276198756, which number of 
24 places is divisible by 3, being composed of 6 nim!ibers 
in a series whose common difference is 1137. This pro- 
perty, too, is only a particular case of & much more gene- 
ral one. 
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an example, the method of Logarithms^ which 
proceeds upon this principle. Take a set of 
numbers going on by equal differences ; thiat 
is to say, the third being as miich greater than 
the second, as the second is greater than the 
first, and the common difference being the 
number you begin with ; thus, 1, ^, 3, 4, 5, 6, 
and so on, in which the common difference is 
1 : then take another set of numbers, such 
that each is equal to twice or three times the 
one before it, or any number of times the one 
before it, but the common multipUer being 
the number you begin with : thus, ^, 4, 8, 16, 
32, 64, 1S8 ; write this second set of numbers 
under the first, or side by side, so that the num- 
bers shall stand opposite to one another, thus, 
12 3 4 5 6 7 

2 4 8 16 32 64 128 
you will find, that if you add together any two 
of the upper or first set, and go to the number 
opposite their sum, in the lower or second set, 
you will have in this last set the number aris- 
ing from multiplying together the numbers 
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of the lower set corresponding or opposite to 
the numbers adde4 together. Thus, add 2 
to 4^ you have 6 in the upper set, opposite to 
which in the lower set is 64, and multiplying 
the numbers 4 and 16 opposite to 2 and 4, 
the product is 64. In like manner, if you 
subtract one of the upper numbers from ano- 
ther, and opposite to their difference in the 
upper line, you look to the lower number^ 
it is the quotient found from dividing one of 
the lower numbers by the other opposite the 
subtracted ones. Thus, take 4 from 6 and 2 
remains, opposite to which you have in the* 
lower line 4 ; and if you divide 64, the num- 
ber opposite to 6, by 16, the number opposite 
to 4i the quotient is 4, The upper set are 
called the logarithms oi the lower set, which 
are called natural numbers ; and tables may, 
with a little trouble, be constructed, giving 
the logarithms of all numbers from 1 to 10,000 
and more : so that, instead of multiplying or 
dividing one number by another, you have 
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only to add or subtract their logarithms, and 
then you at once find the product or the quo- 
tient in the tables. These are made appli- 
cable to numbers far higher than any actually 
in them, by a very simple process: so that 
you may at once perceive the prodigious sav- 
ing of time and labour which is thus made. 
If you had, for instance, to multiply 7,543,283 
by itself, and that product again by the ori- 
ginal number, you would have to multiply a 
number of 7 places of figures by an equally 
large number, and then a number of 14 
places of figures by one of 7 places, till at last 
you had a product of 21 places of %ures — a 
very tedious operation ; but, working by loga- 
rithms, you would only have to take three, 
times the logarithm of the original number, 
and that gives the logarithm of the last pro- 
duct of 21 places of figures, without any fur- 
ther multiplication. So much for the time 
and trouble saved, which is still greater in 
questions of division ; but by means of loga- 
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rithms many questions can be worked, and 
of the most important kind, which no time or 
labour would otherwise enable us to resolve. 

Geometry teaches the properties of figure, 
or particular portions of space, and distances 
of points from each other. Thus, when you 
see a triangle, or three-sided figure, one of 
whose sides is perpendicular to another side, 
you find, by means of geometrical reasoning 
respecting this kind of triangle, that if squares 
be drawn on its three sides, the large square 
upon the slanting side opposite the two per- 
pendiculars, is exactly equal to the two smaller 
squares upon the perpendiculars, taken toge- 
ther; and this is absolutely true, whatever be 
the size of the triangle, or the proportions of 
its sides to each other. Therefore, you can 
always find the length of any one of the three 
sides by knowing the lengths of the other two. 
Suppose one perpendicular side to be 3 feet 
long, the other 4, and you want to know 
the length of the third side opposite to the 
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perpendicular ; you have only to find a num. 
ber such, that if, multiplied by itself, it shall 
be equal to 3 times 3, together with 4 times 
4, that is 25 *. (This number is 6.) 



Fig. 1. 



3 


N^ 




4 




Fig. 2. 




[Fig. 1. is the 47th Proposition, without the lines by which it is de- 
monstrated. The square of 5 is equal to the two squares of 304 taken 
together.] 

[Fig. 2. represents the extension of the same Proposition to other 
figures ; the two semicircles, or circles, or ovals, on the two perpen- 
dicular sides being together equal to the semicircle, circle, or oval, on 
the opposite side.] 

♦ It is a property of numbers, that every number what- 
ever, whose last place is either 5 or 0, is, when multi- 
plied into itself, equal to two others which are square 
numbers, and divisible by 3 and 4 respectively: — thus, 
45 X 45=2025=^729+1296, the squares of 27 and 36 ; and 
60 x60»3600=: 1296+2304, the squares of 36 and 48. 
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Now onlj observe the great advantage of 
knowing this property of the triangle, or of 
perpendicular lines. If you want to measure 
a line passing over ground which you cannot 
reach — ^to know, for instance, the length of 
one side covered with water of a field, or the 
distance of one point on a lake or bay from 
another point on the opposite side — ^you can 
easily find it by measuring two lines perpen- 
dicular to one another on the dry land, and 
running through the two points ; for the hne 
wished to be measured, and which runs through 
the water, is the third side of a perpendicular- 
sided triangle, the other two sides of which 
are ascertained. But there are other proper- 
ties (^ triangles, which enable us to know the 
length of two sides of any triangle, whether it 
has perpendicular sides or not, by measuring 
one side, and also measuring the inclinations 
of the other two sides to this side, or what is 
called the two angles made by those sides 
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with the measured side. Therefore you can 
easily find tlie perpendicular line drawn^ or 
supposed to be drawn, from the top of a moun- 
tain through it to the bottom, that is the 
hei^t of the mountain ; for you can measure 
a line on level ground, and also the inclina- 
tion of two lines, supposing them drawn in 
the air, and reaching from the two ends of the 
measured line to the mountain's top; and 
having thus found the length of the one of 
those lines next the mountain, and its inclina- 
tion to the ground^ you can at once find the 
perpendicular, though you cannot possibly 
get near it. In the same way, by measuring 
lines and angles on the ground, and near, you 
can find the length of lines at a great distance, 
and which you cannot approach : for instance, 
the length and breadth of a field on the oppo- 
site side of a lake or sea ; the distance of two 
islands ; or the space between the tops of two 
mountains. 
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uAB beiEg inuaiind. 
udB. mule iirAPuid BF.AE and BE. geometry 
nlculAts Ihe lagth of tliB linH BF lod BE. and from Ihenee Oit 
luglh of FC and ED, the plnmb-Unes snppiwed to Il8 dnipt from the 
loin of tha two monnUiiu and the line EF, Out is. la ucettain the 
hiighU of tli« moDLtaiu, and Ihe distanca af their tapt from eacli 

Again, there are curve-lined figures as 
weil as straight, and geometry teaches the 
properties of these also. The best known of 
all the curves is the ciTcle, or a figure made by 
drawing a string round one end which is fixed, 
and marking where its other end traces, so that 
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every part of the circle is equally distant 
from the fixed point or centre. From this 
fundamental property, an infinite variety of 
others follow by steps of reasoning more ^ or 
less numerous, but aU necessarily arising one 
out of another. To give an instance; it is 
proved by geometrical reasoning, that if from 
the two ends of any diameter of the circle you 
draw two lines to meet in any one point of 
the circle whatever, those lines are perpendi- 
cular to each other. 

Fig. 3. 




[Tikis shows the property of the circle ; that all the angles, ACB, 
ADB, &c. drawn in it, from the ends of the diameter, are right angles.] 



Another property, and a most useful one, 
is, that the sizes, or areas, of all circles what- 
iever, from the greatest to the smallest, from 
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the sua to a watch-dial-plate, are in exact pro-* 
pc»rtion to the squares of their distances from 
the centre; that is, the squares of the string^ 
they are drawn with t so that if you draw d 
circle with a string 5 feet long, and another 
with A string 10 feet long, the large circle is 
four times the size of the small one, as far as 
the space or area inclosed is concerned ; the 
square of 10 or 100 being four times the 
square of 5 or S5. But it is also true, that 
the lengths of the circumferences themselves, 
the tiumber of feet over which the ends of 
the strings move, are in proportion to the 
lengths of the strings ; so that the curve of 
the larger circle is only twice the length of 
the curve of the lesser. 

But the circle is only one of an infinite 
variety of curves, all having a regular forma- 
tion and fixed properties. The oval or ellipse 
is, perhaps, next to the circle, the most fami- 
liar to us, although we more frequently see 

Itnother curve, the line formed by the motion 

c 
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of bodies thrown forward. When you drop 
a stone, or throw it straight up, it goes in a 

straight line ; when you throw it forward, it goes 
in a curve line till it reaches the ground ; as 
you may see by the figure in which water runs 
when forced out of a pump, or from a fire- 
pipe^ or from the spout of a kettle or tea- 
pot. The line it moves in is called a para^ 
tola ; every point of which bears a certain 
fixed relation to a certain point within it, 
as the circle does to its centre. Geometry 
teaches various properties of this curve : for 
example^ if the direction in which the stohd 
is thrown, or the bullet fired, or the water 
spouted, be half the perpendicular to the 
ground, that is, half way between being 
level with the ground and being upright, the 
curve will come to the ground at a greater 
distance than if any other direction whatever 
were given, with the same force. So that, 
to make the gun carry farthest, or the fire- 
pipe play to the greatest distance, they must 
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be pointed, not, as you might suppose, level or 
point blank, but about half way between that 
direction and the perpendicular. If the air 
did not resist, and so somewhat disturb the 
calculation, the direction to give the longest 
range ought to be exactly half perpendicular. 
The oval, or ellipse^ is drawn by taking a 
string of any certmn length, and fixing, not 
one end as in drawing the circle, but both 
ends to different points, and then carrying a 
point round inside the string, always keeping 
it stretched as far as possible* It is plain, 
that this figure is as regularly drawn as the 
circle, though it is very different from it *, and 
you perceive that every point of its curve 
must be so placed, that the straight lines 
drawn from it to the two points where the 
string was fixed, are, when added together, 
always the same ; for they make together the 
length of the string. 
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[Fig. 4 8bow9 the property of the« ellipse: that the sum of the twQ 
lines AC, CB, or DA, DB, drawn from any point of the cur/e to tho 
two points A, B, vhere the string is fixed, is always the same.] 

Among various properties belonging to this 
curve, in relation to the straight lines drawn 
•within it, is one which gives rise to the con- 
struction of the trammels^ or elliptic compasses^ 
used for making figures and ornaments of 
this form; and also to the construction of 
lathes for turning oval frames, and the like. 

If you wish at once to see these three 
curves, take a pointed sugar-loaf, and cut it any 
where clean through in a direction parallel to 
its base or bottom; the outline or edge of the 
loaf where it is cut will be a circle * If the 
cut is made so as to slant, and not be parallel 
to the base of the loaf, the. outline is.an ellipse^ 
provided the cUt goes quite through the sides 
of the loaf all round, or is in such a direc- 
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tion that it would pass through the sides of 

the loaf were they extended ; but if it goes 

slanting and parallel to the line of the loaf's 

side, the outline is a parabola; and if yon 

cut in any direction, not through the sides all 

round^ but through the sides and base^ and 

not parallel to the line of the side> being 

nearer the perpendicular, the outline, will be 

another curve of which we have not yet spoken, 

but which is called an hyperbola* You 

will see another instance of it, if you take 

two plates of glass, and lay them on one 

another; then put their edge in water, holding 

them upright and pressing them together; 

the water, which, to make it more plain, you 

may colour with a few drops of ink or strong 

tea, rises to a certain height, and its outline 

is this curve; which, however much it may 

seem to differ in form from a circle or ellipse, 

is found by mathematicians to resemble them 

very closely in many of its most remarkable 

properties. 

C8 
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These are the curve Hnes beet known and 
most frequently discussed ; but there are ao 
infinite numb^of others all related to straight 
lines and other curve lines by certun fixed 
rules: for example, the course which any 
point in the circumference of a circle, as a 
nail in the felly of a wheel rolling al6ng, takes 
through the air, is a curve called the cycloid^ 
which has many remarkable properties; and, 



PLEASURES OF SCIENCE. 31 

among others, this, that it is» of all lines 
possibles the one in which any body, not fallr 
ing perpendicularly, will descend from one 
poii^t to another the most quickly. Another 
cupre often s^en is that in which a rope or 
chain hangs when supported at both ends: 
it ii| ^allei the Catenary^ from the Latin for 
chain; And in this form some arches are built. 
The forpi of a sail filled with the wind is the 
same curve. . 

« 

n. DIFFERENCE BETWEEN MATHEMATICAL AND 

PHYSICAL TRUTH& 

You pferceive, if you reflect a little, that 
the science which we have been consider- 
ing, in both its branches, has nothing to do 
with matter ; that is to say, it does not at all 
depend upon the properties or even upon the 
existence of any bodies or substances what- 
ever. The distance of one point or place 
irom another is a straight line ; and whatever 
js proved to be true respecting this line, as, 

C4 
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for instance, its proportion to other lines of 
the same kind, and its inclination towards 
them, what we call the angles it makes with 
them, would be equally true whether there 
were any thing in those places, at those two 
points, or not. So if you find the number of 
yards in a square field, by measuring one side, 
100 yards, and then, multiplying that by 
itself, which makes the whole area 10,000 
square yards, this is equally true whatever 
the field is, whether corn, or grass, or rock, or 
water ; it is equally true if the solid part, the 
earth or water, be removed, for then it will 
be a field of air bounded by four walls or 
hedges ; but suppose the walls or hedges w^ 
removed, and a mark only left at each comer, 
still it would be true that the space inclosed 
or bounded by the lines supposed to be drawn 
between the four marks, was 10,000 square 
yards in size. But the marks need not be 
there; you only want them while measur- 
ing one side : if they were gone, it would be 
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equally true that the lines, supposed ]to be 
drawn from the places where the marks had 
been^ inclose 10,000 square yards of air. 
But if there were no air, and consequently 
a mere void, or empty space, it would be 
equally true that this space is of the size you 
had found it to be by measuring the distance 
of one point from another^ of one of the 
^pace'^s corners or angles from another, and 
then multiplying that distance by itself. In 
the same way it would be true, that, if the 
space were circular, its size, compared with 
another circular space of half its diameter^ 
would be four times larger : of one third its 
diameter, nine times larger; and of one fourth 
sixteen times, and so on always in proportion 
to the squares of the diameters ; and that the 
length of the circumference, the number of 
feet or yards in the line round the surface, 
would be twice the length of a circle whose 
diameter was one half, thrice the circum-^ 
ference of one whose diameter was one 

C5 
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thirds four times the circumference of one 
whose diameter was one fourth, and so on, 
in the simple proportion of the diameters. 
Therefore, every property which is proved 
to belong to figures belongs to them withf 
out the smallest relation to bodies or matter 
of any kind, although we are accustomed 
only to see figures in connection with bodies ; 
but all those properties would be equally 
true, if no such thing as matter or bodies 
existed; and the same may be said of the 
properties of number, the other great branch 
of the mathematics. When we speak of twice 
two, and say it makes four, we affirm this 
without thinking of two horses, or two balls, 
or two trees ; but we assert it concerning two 
of any thing and every thing equally. Nay, 
this branch of mathematics may be said to 
apply still more extensively than even the 
other ; for it has no relation to space, which 
geometry has ; and, therefore, it is applicable 
to cases where figure and size are wholly out 
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of the question. Thus you can speak of two 

jdreams, or two ideas, or two minds, and can 

calculate respecting them just as you would 

respecting so many bodies ; and ttje-properties 

you find belonging to numb^s, will belong 

to those numbers when applied to things that 

have no outward or visible or perceivable 

existence, and cannot even be said to be in 

any particular place/ just as much as the 

same numbers applied to actual bodies which 

may be seen and touched. 

It is quite otherwise with the science which 

we are now going to consider, Natural Phi^ 

losophy. This teaches the nature and pro- 

perties of actually existing substances, their 

motions, their connections with each other, 

and their influence on one another. It is 

sometimes also called Physics^ from the Greek 

irord signifying Nature, though that word is 

more frequently, in common speech, confined 

to one particular branch of the science, that 

which treats of the bodily health. 

C6 
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We have mentioned one distinction between 
Mathematics and Natural Philosophyy that 
the former does not depend on the nature and 
existence of bodies, which the latter entirely 
does. Another distinction, and one closely 
connected with this, is, that the truths which 
Mathematics teach us are necessarily such,— 
they are truths of themselves, and wholly 
independent of facts and experiments,— they 
depend only upon reasoning ; and it is utterly 
impossible they should be otherwise than 
true. This is the case with all the properties 
which we find belong to numbers and to 
figures — 2 and 8 must of necessity^ and 
through all time, and in every place, be equal 
to 4 : those numbers must necessarily be 
always divisible by 3, without leaving any 
remainder over, which have the sums of the 
figures they consist of divisible by three ; and 
circles must necessarily^ and for ever and 
ever, be to one another in the exact propor- 
tion of the squares of their diameters. It 
cannot be otherwise ; we cannot conceive it in 
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bur minds to be otherwise. No man can in 
his own mind suppose to himself that 2 and 8 
should ever, be more or less than 4; it would 
be an utter impossibility — a contradiction in 
the very ideas ; and if stated in words, those 
words would have no sense. The other pro- 
perties of number, though not so plain at first 
sight as this, are proved to be true by reasoning, 
every one step of which follows from the step 
immediately before, as a matter of course, and 
^ clearly and unavoidably, that it cannot be 
supposed, or even imagined, to be otherwise ; 
the, mind has no means of fancying bow it 
could be otherwise : the final conclusion from 
all the steps of the reasoning or demonstra- 
tion, as it is called, follows in the same way 
frpm the last of the steps, and is therefore just 
as evidently and necessarily true as the first 
step, which is always something self-evident; 
for instance, that 2 and 2 make 4, or that the 
whole is greater than any of its parts, but 
equal to all its parts put together. It is 
through this kind of reasoning, step by step, 
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from the most plain and evident things, that 
we arrive at the knowledge of other things 
which seem at first not true, or at least not 
generally true; but when we do arrive at 
them^ we perceive that they are just as ti'ue> 
and for the same reasons, as the first and 
most obvious matters; that their truth is 
absolute and isecessary^ and that it would be 
as absurd and self-contradictory to suppose 
they ever could, under any circumstances, be 
tiot true, as to suppose that 2 added to 2 
could ever make 8, or 5, or 100, or anything 
but 4 ; or, which is the same thing, that 4 
should ever be equal to 8, or 5, or 100, or 
anything but 4. To find out these reason- 
ings, to pursue them to their consequences, 
land thereby to discover the truths which are 
not immediately evident, is what science 
teaches us : but when the truth is once disco* 
vered, it is as certain and plain by the reason- 
ing, as the first truths themselves from which 
all the reasoning takes its rise, on which it all 
depends, and which require no proof, because 
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they are self-evident at once^ and must be 
assented to the instant they are understood. 

But it is quite different with the truths 
which Natural Philosophy teaches. All these 
depend upon matter of fact ; and that is learnt 
by observation and experiment, and never 
could be discovered by reasoning at all. If a 
man were shut up in a room with pen, ink» apd 
paper, he might by thinking discover any of 
the truths in arithmetic, algebra, or geometry; 
it is possible/ at least; there would be nothing 
absolutely impossible in his discovering all 
that is now known of these sciences ; and if 
his memory were as good as we are supposing 
hi9 judgment and conception to be, he might 
discover it all without pen, ink, and paper, 
and in a dark room. But we cannot discover 
a single one of the fundamental properties of 
matter without observing what goes on around 
us, and trying experiments upon the nature 
and motion of bodies. Thus, the man whom 
we have supposed shut up, could not possibly 
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find out beyond one or two of the very first 
properties of matter, and those only in a 
very few .cases ; so that he could not tell if 
these were general properties of all matter or 
not. He could tell that the objects he touched 
in the dark were hard and resisted his touch ; 
that they were extended and were solid ; that 
is, that they had three dimensions, length, 
breadth^ and thickness. He might guess that 
other things existed beside those he felt, and 
that those other things resembled what he felt 
in these properties ; but he could know no- 
thing for certain, and could not even conjec- 
ture much beyond this very limited number 
of qualities. He must remain utterly ignorant 
of what really exists in nature, and of what 
properties matter in general has. These pro- 
perties, therefore, we learn by experience; 
they are such as we know bodies to have; 
they happen to have them — ^they are so formed 
by Divine Providence as to have them— but 
they might have been otherwise formed ; the 
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^eat Author of Nature might have thought 
^t to make all bodies different in every i^ 
spect. We see that a stone dropped from our 
hand falls to the ground ; this is a fact which 
we can only know by experience ; before ob- 
serving it, we could not have guessed it^ and 
it is quite conceivable that it should be other- 
wise : for instance, that when we remove our 
hand from the body it should stand still in 
the air ; or fly upward, or go- forward, or 
backward, or sideways ; there is nothing at 
all absurd, contradictory, or inconceivable in 
any of these suppositions; there is nothing 
impossible in any of them, as there would be 
in supposing the stone equal to half of itself, 
Dr double of itself; or both falling down or 
rising upwards at once ; or going to the right 
and the left at one and the same time. Our 
only reason for not at once thinking it quite 
conceivable that the stone should stand still 
in the air, or fly upwards, is, that we have 
never seen it do so, and have become accus- 
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tomed to see it do otherwise. But fbr tfaati 
we should at once think it as natural that the 
stone should fly upwards or stand still, as that 
it should fall dowi^. , But no degree of refleo- 
tion for any length of time could accustom us 
to think S and S equal to anything but 4» or 
to believe the whole of anything equal to a 
part of itself. 

After we have once, by observation or ex- . 
periment, ascertained certain things to exist in 
fact, we may then reason upon them by means 
of the mathematics ; that is, we may apply 
mathematics to our experimental philosophy, 
and then such reasoning becomes absolutdy 
certain, taking the fundamental facts for 
granted. Thus, if we find that a stone falls 
in one direction when dropped, and we fur- 
ther observe the peculiar way in which it falls, 
that is, quicker and quicker every instant till 
it reaches the ground, we learn the rule or 
the proportion by which the quickness goes on 
increasing ; and we further find, that if the 
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same stone is pushed forward on a table, it 
moves ia the direction of the push» till it is 
idther. stopped by something, or comes to 
a pause^.hy rubbing against the table and 
being hindered by the air. These are facts 
which w;e learn by observing and trying, and 
they might all have been different if matter 
and motion had been otherwise constituted; 
hut supposing them to be as they are, and as 
we find themf we cauy by reasoning mathema- 
tically from them, find out many most cu- 
rious and important truths depending upon 
those facts, and depending upon them not 
accidentally, but of necessity. For example, 
we can find in what course the stone will move, 
if, instead of being dropped to the ground, it 
is thrown forward: it will go in the curve 
already mentioned, the parabola, somewhat 
altered by the resistance of the air, and it will 
run through that curve in a peculiar way, so 
that there will always be a certain proportion 
between the time it takes and the space it 
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moves through, and the tim^ ii would have 
taken, and the space it would have moved 
through had it dropt from the hand in a 
straight line to the ground. So we can 
prove, in like manner, what we before stated 
of the relation between the distance at which 
it will cpme to the ground, and the direction 
it is thrown in ; the distance being greatest 
of all when the direction is half way be- 
tween the level or horizontal and the upright 
or perpendicular. These are mathematical 
truths, derived by mathematical reasoning 
upon physical grounds ; that is, upon matter 
of fact found to exist by actual observation 
and experiment. The result, therefore, is 
necessarily true, and proved to be so by rea« 
soning only, provided we have once ascer^ 
tained the facts ; but, taken altogether, the 
result depends partly on the facts learned by 
experiment or experience, partly on the rea- 
soning from these facts. Thus it is found to 
be trqe by reasoning, and necessmly true, 
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that ly* the stone falls in a certain way when 
unsupported, it must, when thrown forward^ 
go in the curve called a pi^rabola, provided 
there be no air to resist: this is a necessary 
or mathematical truth, and it cannot pos« 
sibly be otherwise. But when we state the 
matter without any supposition^— without any 
" if 9 **— and say, a stone thrown forward 
goes in a curve called a parabola, we state a 
truth, partly fact, and partly drawn from rea* 
soiling on the fact; and it might be other-* 
wise if the nature of things were different. 
It is called a proposition or truth in Natural 
Philosophy ; and as it is discovered and proved 
by mathematical reasoning upon facts in na- 
ture, it is sometimes called a proposition or 
truth in the Mixed Mathematics^ so named 
in contradistinction to the Pt^r^ Mat/iema-- 
fic^, which are employed in reasoning upon 
figures and numbers. The man in the dark 
room could never discover this truth unless 
he had been first informed, by those who had 
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observed the fact, in whai way the 6t6ne falls 
when unsupported, and moves along the table 
when pushed. These things he never could 
have found out by reasoning : they are facts, 
and he could only reason from them after 
learning them by his own experience, or taking 
them on the credit of other people^s expe« 
rience* But having once so learnt them, he 
could discover by reasoning merely, and with 
as much certainty as if he lived in daylight, 
and saw and felt the moving body, that the 
motion is in a parabola, and governed by cer. 
tain rules. As experiment and observation 
are the great sources of our knowledge of 
Nature, and as the judicious and careful mak-* 
ing of experiments is the only way by which 
her secrets can be known, Natural and Expe- 
rimental Philosophy mean one and the same 
thing ; mathematical reasoning being applied 
to certain branches of it, particularly those 
which relate to motion and pressure^ 
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ni. NATURAL OR EXPERIMENTAL SCIENCE. 

Natural Philosophy, in its most extensive 
sense, has for its province the investigation of 
the laws of matter ; that is, the properties and 
the motions of matter ; and it may be divided 
into two great branches. The first and most 
important (which is sometimes, on that account, 
called Natural Philosophy by way of distinc- 
tion, but more "pvaperly Mechanical Philo-^ 
*opht/j) investigates the sensible motions of 
bodies. The second investigates the consti- 
tution and qualities of all bodies, and has 
various names, according to its different ob- 
jects. It is called Chemistry y if it teaches the 
properties of bodies with respect to heat, mix- 
ture with one another, weight, taste, appear- 
ance, and so forth: Anatomy and Animal 
Physiology^ (from the Greek word signifying 
to speak of the nature of any thing,) if it 
teaches the structure and functions of Uving 
bodies, especially the human ; for, when it 
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shows those of other animals, we term it Com^ 
parative Anatomy; Medicine^ if it teaches the 
nature of diseases, and the means of prevent* 
ing them and of restoring health; Zoology, 
(from the Greek words agnifying to speak of 
animals,) if it teaches the arrangement or clas- 
sification and the habits of the different lower 
animals ; Botany , (from the Greek word for 
herbage^) including Vegetable Physiology , if 
it teaches the arrangement or classification, the 
structure and habits of plants; Mineralogy f 
including Geology^ (from the Greek words 
meaning to speak of the earthy if it teaches 
the arrangement of minerals, the structure of 
the masses in which they are found, and of the 
earth composed of those masses. The term 
Natural History is given ta the three last 
branches taken together, but chiefly as far as 
they teach the classification of different things, 
or the observation of the resemblances and 
differences of the various animals, plants, and 
inanimate and ungrowing substances in nature^ 
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But here we may make two general observa- 
tions. The first is, that every such distribution 
of the sciences is necessarily imperfect ; for one 
runs unavoidably into another. Thus, Che- 
mistry shows the qualities of plants with rela- 
ticm to other substances, and to each other ; 
and Botany does not overlook those same 
qualities, though its chief object be arrange- 
ment. So Mineralogy, though principally 
conversant with classifying metals and earths, 
yet regards also their qualities in respect of 
heat and mixture. So, too. Zoology, beside 
arranging animals, describes their structures, 
like Comparative Anatomy. In truth, all 
arrangement and classifying depends upon 
noting the thmgs in which the objects agree 
and differ; and among those things, in which 
animals, plants, and minerals agree, or differ, 
must be considered the anatomical qualities of 
the one and the chemical qualities of the other. 
£rom hence, in a great measure, follows the 
second observation, namely, that the sciences 

D 
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mutually assist each other. We have seen how 
Arithmetic and Algebra aid Geometry, and 
how both the purely Mathematical Sciences 
aid Mechanical Philosophy. Mechanical Phir 
Ipisophy, in like manner, assists, though, m 
the present state of our knowledge* not yery 
considerably, both Chemistry and Anatomy, 
especially the latter; and Chemistry very 
greatly assists both Physiology, Medicine, 
and all the branches of Natural History. 

The first great head, then^ of Natural 
Science, is Mechanical Philosophy ; and it 
consists of various subdivisions, each forming 
a science of great importance. The most 
essential of these, and which is indeed funda- 
mental, and appUcable to all the rest, is called 
Dynamics^ from the Greek word signifying 
power or force i and it teaches the laws of mo- 
tion in all its varieties. The case of the stone 
thrown forward, which we have already men- 
tioned more than once, is an example. Ano- 
ther, of a more general nature, but more diiB- 
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cult to trace, far more important in its con» 
sequences, and of ivhich, indeed, the former 
is only one particular case, relates to the mor 
tions of all bodies, which are attracted (or in- 
fluenced, or drawn) by any power towards 
a certain point, while they are, at the same 
time, driven forward, by some push given to 
them at first, and forcing them onwards, at 
the same time that they are drawn towards 
the point. The line in which a body moves 
while JSQ drawn and so driven, depends upon 
the force it is pushed with, the direction it is 
pushed in, and the kind of power that draws 
it towards the point ; but, at present, we are 
diieflyi to regard the latter circumstance, the 
attractiom towards the point. If this attrac- 
tion be uniform, that is, the same at all dis- 
tances from the point, the body wiU move in 
a cirele, if one direction be given to the for- 
ward. push. The case with which we are 
best acquainted is when the force decreases 
as the squares of the distances, from the centre 

D2 
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or point of attraction, increase; that is, when 
the force is four times less at twice the dis- 
tance^ nine times less at thrice the distance, 
sixteen times less at four times the distance, 
and so on. A force of this kind acting on 
the body^ will make it move in an oval, a 
parabola, or an hyperbola, according to. the 
amount or direction of the impulse, or forward 
push, originally given; and there is. one pro- 
portion of that force, which, if directed per- 
pendicularly to the line in which the central 
force draws the body, will make it move round 
in a circle, as if it were a stone tied to a string 
and whirled round the hand. The most usual 
proportions in nature, are those which deter- 
mine bodies to move in an oval or ellipse, the 
curve described by means of a cord fixed at 
both ends, in the way already explained. In 
this case, the point of attraction, the point to- 
wards which the body is drawn^ will be* nearer 
one end of the ellipse than the other, and the 
time the body will take to go round, compared 
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with the time any other body would take, 
moving at a different distance from the same 
point of attraction, but drawn towards that 
pdnt with a force which bears the same pro- 
portion to the distance, will bear a certain pro- 
portion, discovered by mathematicians, to the 
average distances of the two bodies fix>m the 
point of common attraction. If you mxiltiply 
the numbers' expressing the times of going 
round, each by itself, the products will be to 
one another in the proportion of the average 
distances multiplied each by itself, and. that 
product again by the distance. Thus, if one 
body take two hours, and is five yards distant, 
the other, being ten yards off, will take some- 
thing less than five hours and forty minutes*. 
Now, this is one of the most important truths 
in the whole compass of science; for it. does so 

* This- is expressed mathematically by saying, that 
the squares of the times are as the cubes of the distances. 
Mathematical language is not only the simplest and most 
easily understood of any, but the shortest also. 

D8 






54 OBJECTS, ADVANTAGES, AND 

happen, that the force with which bodies &11 
towards the earth, or what is called thar gro* 
vityf the power that draws or attracts them 
tdWards the earth, varies with die distance 
from the Earth's centre, exactly in tiie propor^ 
tion of the squai^s, lessening as the Stance 
iicrc^ftses : at two diameters from the Earth's 
centre, it is four times less than at dne ; at 
dbree diameters, nine times less; and so 
forth. It goes on lessening, biit never is 
destroyed, even at the greatest distances to 
which we can reach by oiir observadon^ and 
there can be no doubt of its ^Ltending in^ 
defiliitdiy beyond. But, by astronomical ob- 
servations made , upon the motioii 6f the hea- 
venly bodied^ upon that of the Moim for 
k^jtttnic^^ it is prioved that her movement is 
i^iH0r!>alid Quicker at different parts of bar 
;^^$t|*se, jui the same manner as a body^s motion 
dh'kh]& e&rth Would be sloWer and quicker, ac- 
cording to its distance from the point it was 
drawn towards, provided it wad drawn by a 
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force acting in the proportion to the squares 

of the distance, which we have frequently 

mentioned; and the proportion of the time 

to the distance is also observed to agree with 

the rule above referred to. Therefore, she 

is shown to be attracted towards the Earth 

by a force that varies according to the same 

propcirdoii in which gravity Taries; and sh^ 

must consequently move in ah ellipse round 

the Earth, which is. placed in a point nearer 

theHDiieend than the other of tjbiat curve. 16 

lik^ ii^nner, it is shown that the Earth moves 

roiUid the Son in the same curve line, and iis 

drawn towards the sun l^ a similar force; 

and that all the other planets in their courses, 

at Various distances, follow the same rule, mov- 

in^ in ellipses, and drawn towards the Sun by 

■ • • . ', . ' 

the fame kind of power. Three of them have 

moons like the Earth, only more numerous, 

for Jupiter has four, Saturn seven, and 

Herschel »x, so very distant, that we cannot 

see them without the help of glasses ;> but. aS 

D4 
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those moons move round their principal ^a^ 
jxets, as ouTB does round the Earth, in oyab or 
ellipses; while the planets, with their moons, 
move in their ovals round the Sun, like our 
own Earth with its moon. 
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CThit Cttt re p w en to the foar great planets, as seen throng teleseopes of 
comnderable polrers. Each planet is marked by the symbol whieh 
ftstraBomers have for ages been aocnstomed to nse. ^ b Satan with 
his tifo lings; which are huge bodies, the larger haying a diameter 
SS times that <rf our earth, or above S60,000 miles, and moving witii 
pitodigioos swiftness round the planet The seven satellites, or 
mbons* are not represented. % is Jnpiter with his spots or belts; his 
four moons are iM>t represented. Both Saturn and Jupiter are like our 
earflt, flattened at the pole, instead of being perfiect globes, owing to thrir 
rotatory motion on their axes. <f is Mars, with his singularly-formed 
spots, and rediUsh light at his pole. ^ is two figures of Venus, as she 
is seen in different positions ; one like a half moon, and in the other 
lika»«rtieent These appearaiteet are called herjiAoiet, from the 
GcBtl^ tad dM is flie brightest of all the planets.] 

'0iit' this power, which draws them all to- 
iftod^.the Sun, and regulates thdr path and 
tharmodon round him, and which draws the 
mocMtiB towards the prindpal planets, and re- 
gabMl'&dar motion and path round those 
planets, is the same with the gravity by which 
bodies fSdl towards the earth, being attracted 
by it. Therefore, the whole of the heavenly 
bodies are kept in their places, and wheel 
round the Sun, by the same influence or 
power that makes a stone fall to the ground. 
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[TKii Cut npnunti s tclHcopic Ttcv of Oa Sim, ihewiiig toma oC llH 
mnvkiUe ipoti which ia.n ctttmaaUj (ppuHd on ill •orElM, ih* 
ItTgvlt Bosietuua ezeudiiif thfl uxfloflhe whole Eartli : ■Otoikibibti, 
bjr cloHlir obHiiisg th< motiDBwhich tbaatpuli hiva wfou tbi Snn't 
disc uid tiM ponpM^fl clisnffn which (he; nodergo ia iiwi nii i ig ■ 
fornhoriciwd» OT oral fona, u Uieyftpproaeh liii edge, pTBvioDa 10 thair 

form lo be gplitrical, Bud thkl ho hai & rotitioa oa hii ub.] 

It is usual to caQ the Strn^ and the planets 
which witli their moons move round him, 
(eleven in number, including the four lately dis- 
covered, and the one discovered by Herschel,) 
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the Sdar System^ because they are a. class 
of die.liijBaveiily bodies far apart from the in* 
flamcedblie Fixed Stars, and so near each other 
iB.tb uert a perceptible influence on one ano- 
ther, mod thus to be connected together. 

Tile Comets belong to the same system, 
aoeotding to diis manner of viewing the sub- 
ject. They are bodies which move in ellip- 
tical patlis^ but far longer and narrower than 
tbe curves in which the Earth and the other 
plaiKts and thdr moons roll. Our curves are 
not'lDUch less round than circles ; the paths 
of the comets are long and narrow, so as, in 
many places, to be more nearly straight lines 
than circles. They difiPer from the planets 
and their moons in another respect ; they da 
not depend on the Sun for the light they give, 
as our Moon plainly does, being dark when 
the Earth comes between her and the Sun ; 
and as the other planets do, those of them that 
^e nearer the Sun than we are, being dark 
when they come between us and him, ap-^ 

D 6 
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peering to pass across his surface. But 
the comets give light always of themselves, 
being apparently vast bodies heated red-hot 
by coming in their course far nearer the Sun 
than the nearest of the planets ever do. 
Their motion, when near the Sun, is much 
more rapid than that of the planets; they 
both approach him much nearer, retreat ftcm 
him to much greater distances, and take much 
longer titne in going round him than any of 
the planets do. Yet even thesie comets are 
subject to the same great law of gravitation, 
which regulates the motions of the planiets. 
Their year, the time they take to revolve, i& 
in some cases 75, in others 135, in others 300 
of our years ; their distance is a hundred 
times our distance when farthest off, and not 
a hundred and sixtieth of our distance when 
nearest the Sun ; their swiftest motion is above 
twelve times swifter than ours, although ours is 
a hundred and forty times swifter than a can- 
non ball's ; yet their path is a curve of the 
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same kind with' ours, though longer and flat- 
ter, di£Permg in its formation only as one oval 
difiers from another by the string you draw 
it with having the ends fixed at two points 
more distant from each other: consequently 
the Sun, being in one of those points, is much 
nearer the end of the path the comet mov^ 
in, than he is near the end of our path. Their 
motion, too, follows the same rule, bein^ 
swifter the nearer the Sun : the attraction of 
the Sun for them varies according to the 
squares of the distances, being four times 
less at twice the distance, nine times less at 
thrice, and so on ; and the proportion be- 
tween the times of revolving and the distances 
is exactly the same, in the case of those remote 
bodies, as in that of the Moon and the Earth. 
One law prevails over all, and regulates their 
motions as well as our own ; it is the gravity 
of the comets towards the Sun, and they, like 
our own Earth and Moon, wheel round him 
in boundless ^ce, drawn by the same force, 
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acting by the same rule, which makes a stone 
fall whm dropped from the hand. 




The more full and accurate our ohserva> 
tions are upon those heavenly bodies, the bet- 
ter we find all their motions agreeing with 
this great doctrine ; although, no doubt, many 
things are to be taken into the account be- 
side the force that draws them to the dif- 
ferent centres. Thus, while the Moon is 
drawn by the Earth, and the Earth by the 
Sun, the Moon is also drawn directly by the 
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Sun ; and whiie Jupiter is drawn by the Sun, 
90 are bis moons ; and both Jupiter and his 
mdoi^ MT^ drawn by Saturn: nay, as this 
pgwertif gravilation is quite universal^ and as 
mbpiy cm attract or draw another without 
Imigiitidf drawn by that other, the Earth is 
ditmmk hf :tbe Moon, while the Moon is drawn 
hf ihb Easth ; and the Sun is attracted by 
ttefiaBeC^ whidi he draws towards himself. 
Tbeae nuitual attractions give rise to many 
deiAatioDs |iom the. simple line of the ellipse, 
and prodaa many irregularities in the simple 
ciedcttlation of the times and motions of the 
bodies that compose the System of the Uni- 
verse. But the extraordinary powers of in- 
vestigation applied to the subject by the mo- 
dem improvenpients in Mathematics, have 
enabled us at length to reduce even the great- 
est of the irregularities to order and system ; 
and to unfold one of the most wonderful 
truths in all science, namely, that by certain 
necessary consequences of the simple fact upon 
which the whole fabric rests, — ^the propor- 
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tion of the attractive force to the distances 
at which it operates,— all the irregularities 
which' at first seemed to disturb the order 
of the system^ and to make the appearances 
depart from the doctrine, are themselves sub^' 
ject to a certain fixed rule, and can never 
go beyond a particular point, but must b^in 
to lessen when they have slowly reached that 
point, and must then lessen until they reach 
another point, when they b^in again to in- 
crease ; and so on, for ever. Nay, so perfect 
is the arrangement of the whole system, and so 
accurately does it depend upon mathematical 
principles, that irregularities, or Tather appa- 
rent deviations, have been discovered by ma- 
thematical reasoning before astronomers had 
observed them, and then their existence has 
been ascertained by observation, and found 
to agree precisely with the results of calcula* 
tion *. Thus, the planets move in ovals, from 

* The application of Mathematics to Chemistry has 
already produced a great change in that science, and is 
calculated to produce still greater improvements. It may 
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gravity, the power that attracts them towards 

the Sun, combined with the original impulse 

they received forward. ; and the disturbing 

forces are continually varying the course of 

the curves or ovals, making them bulge out in 

the middle, as it were, on the iddes, though in 

a very small proportion to the whole length 

of the ellipse. The oval thus bulging, its 

breadth increases by a very small quantity 

yearly and daily; and after a certain large 

number of years, the bulging becomes as 

great as it ever can be: then^ the alteration 

be almost certainly- reckoned upon as the source of new 
discoveries, made by induction after the mathematical 
reasoning has given the suggestion. The learned reader 
will perceive that we allude to the beautiful doctrine of 
D^nite or Multiple Proportions, To take an example ; 
the probability of an oxide of arsenic being discovered is 
impressed upon us, by the composition of arsenious and 
arsenic adds, in which the oxygen is as 2 to 3 ; and 
therefore we may expect to find a compound of the same 
base, with the oxygen as unity. The extraordinary 
action of chlorine and its compounds on light leads us to 
expect some further discovery respecting its composition, 
perhaps respecting the matter of light. 
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takes a contrary direction, and the curve gca- 
dually flattens as it had bulged ; till, in the 
same number of years which it took to bulge, 
it becomes as flat as it ever can be, and then 
it begins to bulge agaiD, and so on for evei'; 
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And so, too, of every other disturbance and 
irregularity in the system: ,what at first ap- 
pears to be some departure from the rule, 
when more fully examined, turns out to be 
only H consequence of it, or the result of a 
inoere g^^nd arrangement springing from the 
pfjodipfe of Gravitation ; an arrangement of 
i^tfA ^ rule itself, and the apparent or sup* 
|Ki|iil.eil€eptbn, both form parts. 
tijUliiBr power <^ Gravitation, which thus re- 
die whole system of the universe, is 
^to fule each member or branch of it 
tely. Thus, it is demonstrated that the 
?«if the ocean are caused by the gravita- 
klch attracts the water towa)*ds the Sun 
toc^ ; and the figure both of our Earth 
§0$*^ duch of the other bodies as have a 
qpinning motion round their axis, is deter- 
fbiiied by Cavitation combined with that 
motion: they are all flattened towards the 
ends of the axis they spin upon, and bulge 
out towards the tiiiddle. 
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The great discoverer of the principle on 
which all these truths rest, Sir Isaac Newton, 
certainly by far the most extraordinary man 
that ever lived, concluded by reasoning upon 
the nature of motion and matter, that this 
flattening must take place in our globe ; every 
one before his time had believed the Earth to 
be a perfect sphere or globe, chiefly from ob- 
serving the round shadow which it casts on the 
Moon in eclipses; and it was many years 
after his death that the accuracy of his opinion 
was proved by measurements on the Earth^s 
surface, and by the different weight and attrac- 
tion of bodies at the equator, where it bulges, 
and at the poles, where it is flattened. Thie 
improvement of telescopes has enabled us to 
ascertain the same fact with resjpect to the 
planets Jupiter and Saturn. 

Beside unfolding the general laws which 
regulate the motions and figures of the hea- 
venly bodies forming our Solar System, Astro- 
nomy consists in calculations of the places, 
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times, and eclipses of those bodies, and their 
moons or satellites^ (from a Latin word, sig- 
nifying an attendant) and in observations of 
the Fixed Stars, which are innumerable as- 
semblages of bodies, not moving round the 
Sun as our Earth and the other planets 
do, nor receiving the light they shine with 
from his light; but shining, as the Sun 
and the Comets do, with a light of their 
own, and placed, to all appearance, immove- 
able, at immense distances from our world, 
that is, from our Solar System. Each of them 
is probably the sun of some other system like 
omr own, composed of planets and their moons 
or satellites ; but so extremely distant from 
us, that they all are seen by us like one point 
of faint light, as you see two lamps, placed a 
few inches asunder, only like one, when you 
view them a great way off. The number of 
the Fixed Stars is prodigious: even to the 
naked eye they are very numerous, about 
8000 being thus visible ; but when the hea- 
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vens are viewed through the telescope, star$ 
become visible in numbers wholly incalculable: 
2000 are discovered in one of the small coUec* 
tions of a few visible stars called Gonstella* 
tions ; nay, what appears to the naked eye 
only a light cloud, as the Milky Way, when 
viewed through the telescope, proves to be an 
assemblage of innumerable Fixed Stars, each 
of them in all likelihood a sun and. a system 
like the rest, though at an immeasurable dis- 
tance from ours. 

The size, and motions, and distances of the 
heavenly bodies are such as. to exceed the 
power of ordinary imagination, from any com- 
parison with the smaller things we see around 
us. The Earth's diameter is nearly 8000 
miles in length; but the Sun^s is above 
880,000 miles, and the bulk of the Sun is 
above 1,300,000 times greater than that of 
the Earth. The planet Jupiter, which looks 
like a mere speck, from his vast distance, is 
nearly 1300 times larger than the Earth . Our 
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distance from the Sun is above 95 millions of 
miles; but Jupiter is 490 millions, and Saturn 
QOOmillions of miles distant from the Sun, The 
rate at which the Earth moves round the Sun 
is 68,000 miles an hour, or 140 times swifter 
than the motion of a cannon-ball ; and the 
planet Mercury, the nearest to the Sun, moves 
still quicker, nearly 110,000 miles an hour. 
We, upon the Earth's surface, beside being 
carried round the Sun, move round the Earth's 
axis by the rotatory or spinning motion which 
it has ; so that every S4 hours we move in 
this manner near 14,000 miles, beside moving 
round the Sun above 1,600,000 miles. These 
motions and distances, however, prodigious as 
they are, seem as nothing compared to those of 
the comets, one of which, when furthest from 
the Sun, is 11,200 millions of miles from him ; 
and^ when nearest the Sun, flies at the amaz- 
ing rate of 880,000 miles an hour. Sir Isaac 
Newton calculated its heat at 2000 times that 
of red-hot iron ; and that it would take thou- 
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sands of years to cool. But the distance of 
the Fixed Stars is yet more vast : they have 
been supposed to be 400,000 times furth^ 
from us than we are from the Sun, that 
is 38 millions of millions of miles ; so that 
a cannon-ball would take near nine milUons 
of years to reach one of them, supposing 
there was nothing to hinder it from pur- 
suing its course thither. As light takes 
about eight minutes and a quarter to reach us 
from the Sun, it would be above six years in 
coming from one of those stars ; but the cal- 
culations of later astronomers prove some stars 
to be so far distant, that their light must take 
centuries before it can reach us ; so that every 
particle of light which enters our eyes left the 
star it comes from three or four hundred years 
ago. 

Astronomers have, by means of their excel- 
lent glasses, aided by Geometry and calcula- 
tion, been able to observe not only stars, 
planets, and their satellites, invisible to the 
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naked eye, but to measurC the height of moun- 
tains in the Moon, by observations of the 
shadows which those eminences cast on her 
sur&ce ; and they have discovered volcanoes, 
or burning mountains, in the same body. 

The tables, which they have by the like 
means been enabled to form of the heavenly 
motions, are of great use in navigation. By 
means of the eclipses of Jupiter's satellites, 
and by the tables of the Moon's motions, we 
can ascertain the position of a ship at sea; 
for the observation of the Sun's height at 
mid-day gives the latitude of the place, that 
is, its distance from the equinoctial or equator, 
the line passing through the middle of the 
Earth^s surface, equally distant from both 
poles; and these tables, with the obsei*va- 
tions of the satellites, or moons, ^ve the 
distance east and west of the observatory 
for which the tables are calculated-— called 
the longitude of the place: consequently 

the mariner can thus tell nearly in what part 

£ 
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of the ocean he is, how far he has sailed from 
his port of departure, and how far he must 
sail, and in what direction, to gain the port of 
his destination. The advantage of this know- 
ledge is therefore manifest in the common 
affairs of life ; but it sinks into insignificance 
compared with the vast extent of those views 
which the contemplations of the science afford, 
of numberless worlds filling the immensity of 
space, and all kept in their places, and adjusted 
in their prodigious motions by the same simple 
principle, under the guidance of an all- wise 
and all-powerful Creator. 

We have been considering the application 
of Dynamics to the motions of the heavenly 
bodies, which forms the science of Physical 
Astronomy. The application of Dynamics to 
the calculation, production, and direction of 
motion, forms the ^cienoe ot Mechanics, some- 
times called Practical Mechanics, to distin- 
guish it from the more general use of the 
word, which comprehends every thing that 
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relates to motion and force. The fundamental 
principle o{ the science, upon which it mainly 
depends, flows immediately from a property 
of the circle already mentioned, and which, 
perhaps, appeared at the moment of httle 
value, — ^that the lengths of circles are in pro- 
portion to their diameters. Observe how 
upon this simple truth nearly the whole of 
those contrivances are built by which the 
power of man is increased, as far as solid 
matter assists him in extending it ; and nearly 
the whole of those doctrines, too, by which he 
is enabled to explain the voluntary motions 
of animals, as far as these depend upon their 
own bodies. There can be nothing more 
instructive in showing the importance and 
fruitfulness of scientific truths, however trivial 
and forbidding they may at first sight appear. 
For it is an immediate consequence of this 
property of the circle, that if a rod of iron, or 
beam of wood, or any other solid material, be 

placed on a point, or pivot, so that it may 

E2 
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move as the arms of a balance do. round its 
centre, or a see-saw board does round its prop, 
the two ends will go through parts of circles, 
each proportioned to that arm of the beam to 
which it belongs : the two circles will be equal 
if the pivot is in the centre or middle point of 
the beam ; but if it is nearer one end than the 
other, say three times, that end will go through 
a circular space, or arch, three times shorter 
than the circular space the other end goes 
through in the same time. If, then, the end 
of the long beam goes through three times 
the space, it must move with three times the 
swiftness of the short beam^s end, since both 
move in the same time; and therefore any 
force applied to the long end must overcome 
the resistance of three times that force applied 
at the opposite end, since the two ends move 
in contrary directions: hence one pound placed 
at the long end would balance three placed at 
the short end. The beam we have been sup- 
posing is called a Lever^ and the same rule 
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must evidently hold for all proportions of the 
lengths of its arms. If, then, the lever be 
seventeen feet long, and the pivot, ox fulcrum, 
(as it is called, from a Latin word, signifying 
support^) be a foot from one end, an ounce 
placed on the other end will balance a pound 
placed on the near end ; and the least addi- 
tional weight, or the slightest push or pressure 
on the far end, so loaded, will make the pound 
weight on the other move upwards. If, in- 
stead of an ounce, we place upon the end 
of the long arm the short arm of a second 
beam or lever supported by a fulcrum, one 
foot from it, and then place the long arm of 
this second lever upon the short arm of a third 
lever, whose fulcrum is one foot from it ; and 
if we put on the end of this third lever's long 
arm an ounce weight, that ounce will move 
upwards a pound on the second lever's long 
arm, and this moving upwards will cause the 
short arm to force downwards sixteen pounds 
^t the long end of the first lever, which will 

E 3 
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make the short end of the first lever move 
upwards, though two hundred and fifty-six 
pounds be laid on it : the same thing conti-^ 
nuing, a pound on the long arm of the third 
lever will move a ton and three quarters on 
the short arm of the first lever ; that is, will 
balance it, so that the slightest pressure with 
the finger, or a touch from a child's hand 
will move as much as two horses can draw. 
The lever is called, on this account, a mecha- 
nical power ; and there are five other me- 
chanical powers, of most of which its properties 
form the foundation; indeed they have all 
been resolved into combinations of levers. 
The pulley seems the most difiicult to reduce 
under the principle of the lever. Thus the 
wheel and axle is only a lever moving round 
an axle, and always retaining the effect gained 
during every part of the motion, by means of a 
rope wound round the butt end of the axle ; 
the spoke of the wheel being the long arm of 
the lever, and the half diameter of the axle its 
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short arm. By a combination of levers, 
wheels, pulleys, so great an increase of force 
is obtained, that, but for the obstruction from 
friction, and the resistance of the air, there 
could be no bounds to the effect of the smallest 
force thus multiplied ; and to this fundamental 
principle, Archimedes, one of the most illus- 
trious mathematicians of ancient times, re- 
ferred, when he boasted, that if he only had a 
pivot or fulcrum whereon he might rest his 
machinery, he could move the Earth. Upon 
so simple a truth, assisted by the aid derived 
from other sources, rests the whole fabric of 
mechanical power, whether for raising weights, 
or cleaving rocks, or pumping up rivers from 
the bowels of the earth ; or, in short, per- 
forming any of those works to which human 
strength, even augmented by the help of 
the animals whom Providence has sub- 
dued to our use, would prove altogether 
inadequate. 
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The application of Djmamics to the pres- 
sure and motions of fluids, constitutes a 
science which receives different appellations 
according as the fluids are heavy and liquid 
like water, or light and invisible like air. In 
the former case it is called Hydrodynamics, 
from the Greek words signifying water and 
power^ or force; in the latter Pneumatics, 
from the Greek word signifying breath or 
air; and Hydrodynamics is divided into 
Hydrostatics, which treats of the weight and 
pressure of liquids, from the Greek words for 
balancing of water ; and Hydraulics, which 
treats of their motion, from the Greek name 
for certain musical instruments played with 
water in pipes. 

The discoveries to which experiments, 
aided by mathematical reasoning, have led, 
upon the pressure and motion of fluids* are 
of the greatest importance, whether we re- 
^ gard their application to practical purposes, or 
to their use for explaining the appearances in 

E 6 
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nature, or their singularity as the subjects of 
scientific contemplation. When it is found 
that the pressure of water or any other 
liquid upon the surface that contains it, is 
not in the least degree proportioned to its 
bulk, but only to the height at which it 
stands, so that a long small pipe, containing 
a pound or two of the fluid, will give the 
pressure of twenty or thirty ton ; nay, of 
twice or thrice as much, if its length be in- 
creased, and its bore lessened, without the 
least regard to the quantity of the liquid, we 
are not only astonished at so extraordinary 
and unexpected a property of matter^ but we 
straightway perceive one of the great agents 
employed in the vast operations of nature, in 
which the most trifling means are used to 
work the mightiest eflects. We likewise 
learn to guard against many serious mischiefs 
in our own works, and to apply safely and 
usefully a power calculated, according as it is 
directed, either to produce unbounded devasta- 
tion, or to render the most beneficial service. 
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Nor are the discoveries relating to the Air 
less interesting in themselves, and less appli- 
cable to important uses. It is an agent, 
though invisible, as powerful as Water, in the 
operations both of nature and of art. Ex- 
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periments of a simple and decidve nature 
show the amount of its pressure to be between 
14 and 15 pounds on every square inch; 
but, like all other fluids, it presses equally in 
every direction; so that though, on one 
hand, there is a pressure downwards of above 
250 pounds, yet this is exactly balanced by 
an equal pressure upwards, from the air press- 
ing round and getting below. If, however, 
the air on one side be removed, the whole pres- 
sure from the other acts unbalanced. Hence 
the ascent of water in pumps, which suck out 
the air from a barrel, and allow the pressure 
upon the water to force it up 32 or 33 feet, 
that body of water being equal to the weight 
of the atmosphere. Hence the ascent of th^ 
mercury in the barometer is only 28 or 29 
inches, mercury being between 13 and 14 
times heavier than water. Hence, too, the 
motion of the steam-engine; the piston of 
which, until the direct force of steam was 
applied, used to be pressed downwards by 
the weight of the atmosphere from above, all 
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air being removed below it by first filling it 
with steam, and then suddenly cooling and 
converting that steam into water, so as to 
leave nothing in the space it had occupied. 
Hence, too, the power which some animals 
possess of walking along the perpendicular 
surfaces of walls, and even the ceilings of 
rooms, by squeezing out the air between the 
inside of their feet and the wall, and thus 
being supported by the pressure of the air 
against the outside of their feet. 

The science of Optics^ (from the Greek 
word tor seeing,) which teaches the nature of 
light, and of the sensation conveyed by it, 
presents, of itself^ a field of unbounded extent 
and interest. To it the arts, and. the other 
sciences, owe those most useful instruments 
which have enabled us at once to examine 
the minutest parts of the structure of animal 
and vegetable bodies, and to calculate the 
size and the motions of the most remote of 
the heavenly bodies. But as an object of 
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learned curiosity^ nothing can be more siiigu- 
lar than the fundamental truth discovered by 
the genius of Newton, — ^that the light, which 
we call white, is in fact composed of all the 
ocdours, blended in certain proportions; un- 
less, perhaps, it be that astonishing conjecture 
of his unrivalled sagacity, by which he de- 
scried the inflammable nature of the diamond, 
and its belonging, against all appearance of 
probability, to the class of oily substances, 
from having observed, that it stood among 
them, and far removed from all crystals, in the 
degree of its action upon light ; a conjecture 
turned into certainty by discoveries made a 
century afterwards. 

To a man who, for original genius and strong 
natural sense, is not unworthy of being named 
after this illustrious sage, we owe the greater 
part of Electrical science. It treats of the 
peculiar substance, resembling both light and 
heat, which, by rubbing, is found to be pro- 
duced in a certain class of bodies, as glass, 
wax, silk, amber ; and to be conveyed easily 
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or conducted through others^ as wood, metals, 
water; and it has received the name of 
Electricity y from the Greek word for amber. 
Dr. Franklin discovered that this is the same 
matter which, when collected in the clouds, 
and conveyed from them to the earth, we 
call lightning y and whose noise, in darting 
through the air, is thunder. The observa- 
tion of some movements in the limbs of a 
dead frog gave rise to the discovery of Animal 
Electricity^ or Oalvanistn, as it was at first 
called from the name of the discoverer ; and 
which has of late years given birth to im- 
provements that have changed the face of 
chemical philosophy; affording a new proof 
how few there are of the processes of nature, 
incapable of repaying the labour we bestow 
in patiently and diligently examining them. 
It is to the results of the remark accidentally 
made upon the twitching in the frog's leg, not, 
however, hastily dismissed and forgotten, but 
treasured up and pursued through many an 
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elaborate experiment and calculation, that we 
owe our acquaintance with the extraordinaiy 
metal, liquid like mercury, lighter than water, 
and more inflammable than phosphorus, which 
forms, when it burns by mere exposure to the 
air, one of the salts best known in commerce, 
and the principal ingredient in saltpetre. 

In order to explain the nature and objects 
of those branches of Natural Science more or 
less connected with the mathematics, some 
details were necessary, as without them it was 
difficult immediately to perceive their import- 
ance, and, as it were, relish the kind of instruc- 
tion which they aflbrd. But the same course 
needs not be pursued with respect to the other 
branches. The value and the interest of che- 
mistry i& at once perceived, when it is known 
to teach the natuie of all bodies; the rela- 
tions of simple substances to heat and to on6 
another, or their combinations together ; the 
composition of those which nature produces 
in a compound state ; and the application of 
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the whole to the arts and manufactures. 
Some branches of philosophy, again, are chiefly 
useful and interesting to particular classes, as 
surgeons and physicians. Others are easily 
understood by a knowledge of the principles 
of Mechanics and Chemistry, of which they 
are applications and examples ; as those which 
teach the structure of the earth and the 
changes it has undergone ; the motions of the 
muscles, and the structure of the parts of ani- 
mals ; the qualities of animal and vegetable 
substances ; and that department of Agricul- 
ture which treats of soils, manure, and ma^ 
chinery. Other branches are only collections 
of facts, highly curious and useful indeed^ but 
which any one who reads or listens, perceives 
as clearly, and comprehends as readily, as the 
professed student. To this class belongs Na- 
tural History, in so far as it describes the 
habits of animals and plants, and its applica- 
tion to that department of Agriculture which 
treats of cattle and their management. 
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IV. APPLICATION OP NATURAL SCIENCE tO THE 
ANIMAL AND VEGETABLE WORLD. 

> 

BuT^ for the purpose of further illustrat- 
ing the advantages of Philosophy, its ten- 
dency to enlarge the mind, as well as to in- 
terest it agreeably, and afford pure and solid 
gratification, a few instances may be given of 
the singular truths brought to light by the 
application of Mathematical, Mechanical, and 
Chemical knowledge to the habits of ani- 
mals and plants ; and some examples may be 
added of the more ordinary and easy, but 
scarcely less interesting observations, made 
upon those habits, without the aid of the pro- 
founder sciences. 

We may remember the curve line which 
mathematicians call a Cycloid. It is the path 
which any point of a circle, moving along a 
plane, and round its centre, traces in the air ; 
so that the nail on the felly of a cart-wheel 
moves in a Cycloid, as the cart goes along, 
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and as the wheel itself both turns round its 
axle, and is carried along the ground. Now 
this curve has certain properties of a peculiar 
and very singular kind with respect to motion. 
One is, that if any body whatever moves in a 
cycloid by its own weight or swing, together 
with some other force acting upon it all the 
while^ it will go through all distances of the 
same curve in exactly the same time; and, 
accordingly, pendulums have sometimes been 
contrived to swing in such a manner, that 
they shall describe cycloids, or curves very 
near cycloids, and thus move in equal times, 
whether they go through a long or a short 
part of the same curve. Again, if a body is 
to descend from any one point to any other, 
not in the perpendicular, by means of some 
force acting on it together with its weight, 
the line in which it will go the quickest of all 
will be the cycloid; not the straight line, 
though that is the shortest of all lines which 
can be drawn between the two points; nor 
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any other curve whatever, though many are 
much flatter, and therefore shorter thau the 
cycloid — ^but the cycloid, which is longer than 
many of them, is yet, of all curved or straight 
lines which can be drawn, the one the body 
will move through in the shortest time. Sup- 
pose, again, that the body is to move from 
one point to another, by its weight and some 
other force acting together, but to go through 
a certain space,- — as a hundred yards, — the 
way it must take to do this, in the shortest 
time possible, is by moving in a cycloid ; <^ 
the length of a hundred yards must be drawn 
into a cycloid, and then the body will descend 
through the hundred yards in a shorter time 
than it could go the same distance in any other 
path whatever. Now, it is believed that 
Birds, as the Eagle, which build in the rocks, 
drop or fly down from height to height in this 
course. It is impossible to make very accu- 
rate observations of their flight and path; 
but there is a general resemblance between 
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the course they take and the cycloid, which 
has led ingenious men to adopt this opi- 
nion. 

If we have a certain quantity of any sub- 
stance, a pound of wood, for example, and 
would fashion it in the shape to take the least 
room, we must make a globe of it ; it will in 
this figure have the smallest surface. But sup- 
pose we want to form the pound of wood, so 
that in moving through the air qr water it shall 
meet with the least possible resistance; then we 
must lengthen it out for ever, till it becomes 
not only like a long-pointed pin, but thinner 
and thinner, longer and longer, till it is quite 
a straight line, and has no perceptible breadth 
or thickness at all. If we would dispose of 
the given quantity of matter, so that it shall 
have a certain length only, say a foot, and a 
certain breadth at the thickest part, say three 
inches, and move through the air or water 
with the smallest possible resistance which a 
body of those dimensions can meet, then we 
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roust form it into a figure of a peculiar kind, 
called the Solid of least resistance^ because, 
of all the shapes that can be given to the bod jj 
its length and breadth remaining the same, 
this is the one which will make it move with 
the least resistance through the air, or water, 
or other fluid. A very difficult chain of ma- 
thematical reasoning, by means of the highest 
branches of algebra, leads to a knowledge of 
the curve, which, by revolving on its axis, 
makes a solid of this shape, in the same way 
that a circle, by so revolving, makes a sphere 
or globe ; and the curve certainly resembles 
closely the face or head part of a fish. Na- 
ture, therefore, (by which we always mean 
the Divine Author of natwe,) has fashioned 
these fishes so, that, according to mathema- 
tical principles, they swim the most easily 
through the element they live and move in.* 

* The feathers of the wings of birds are found to be 
placed at the best possible angle for helping on the bird by 
their action on the air. 
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Suppose upon the face part of one of these 
fishes a small insect were bred, endowed with 
faculties sufficient to reason upon its condition, 
and upon the motion of the fish it belonged 
to, but never to have discovered the whole 
size and shape of the face part ; it would cer- 
tainly complain of the form as clumsy, and 
fancy that it could have made the fish so as 
to move with less resistance. Yet if the whole 
shape were disclosed to it, and it could disco- 
ver the principle on which that shape was 
preferred, it would at once perceive, not only 
that what had seemed clumsy was skilfully 
contrived, but that, if any other shape what- 
ever had been taken, there would have been 
an error committed; nay, that there must of 
necessity have been an error ; and that the 
very best possible arrangement had been 
adopted. So it may be with Man in the 
Universe, where, seeing only a part of the 
great system, he fancies there is evil ; and yet, 
if he were permitted to survey the whole^ 
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what had. seemed ipipeifect m%bt^»pQ«!'fo 
be necessary &}x the general perfection, inao- 
much that any other arrangement, evai. of 
that seemingly imperfect part, must needfr 
have rendered the whole less perfect. The 
common objection, is, that i«^hi|t SQeQi9} evil 
might have ,been avoided ;•. but ill tl|e cajse 
of the fish^S: shapes it could, nfit: hsxQ been 
avoided. 

It is found byOptiicaL inqij^iidesy that, the 
particles or rays of light, in. p^yssii^gr through 
transparent substances of a certain form, are 
bent to a point where they make an image or 
picture of the shining bodies they come from, 
or of the dark bodies they are reflected from. 
Thus, if a pair of spectacles be held between 
a candle and the wall, they make two images 
of the candle upon it ; and if they be held 
between the window and a sheet of paper 
when the sun is shining, they make a picture 
on the paper of the houses, trees, fields, sky, 
and clouds. The eye is found to be com- 
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'posed of serer^ natanl magoifiere which. 
BokiR a pcture od a' membrane at the bock of . 
it, and from this membrane then goes a nerre 
to die brain, conveying the in^ression of die 
picture, bj means of which we see. Now, 
wh^ light waa discovered by Newton to 



of the pupil. TlutMiifiiiisUDii HllrDnnd of aieirit.ijiduk cwtii^, 
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fctmed on tlio retin*. C,C,«reiinncli«itliicbbhBf tie eyeintoUn 
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consist of differendy-ooloured parts, which 
are differently bent in passing through trans- 
parent substances, so that the lights of se- 
veral colours come to a point at different 
distances, and thus create an indistinct image 
at any one distance. This was long found to 
make our telescopes imperfect, insomuch that 
it became necessary to make them of reflec- 
tors or muTors, and not of magnifying glasses, 
the same difference not being observed to 
affect the reflection of light. But another 
discovery was, about fifty years afterwards, 
made by Mr. Dollond, — ^that, by combining 
different kinds of glass in a compound mag- 
nifier, the difference may be greatly corrected ; 
and on this principle he constructed his 
telescopes. It is found, too, that the differ- 
ent natural magnifiers of the eye are com- 
bined upon a principle of the same kind. 
Thirty years later, a third discovery was 
made by Mr. Blair, of the greatly superior 
effect which combinations of different liquids 
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have in correcting the imperfection; and, 
most wonderful to think, when the eye is ex- 
amined, we find it consists of different liquids, 
acting naturally upon the same principle 
which was thus recently found out in Optics 
by many ingenious mechanical and chemical 
experiments. 

Again, the point to which any magnifier 
collects the light is more or less distant as the 
magnifier is flatter or rounder, so that a small 
globe of glass or any transparent substance 
makes a microscope. And this property of 
li^t depends upon the nature of lines, and is 
purdy of a mathematical nature, after we have 
once ascertained by experiment, that light is 
bent in a certain way when it passes through 
transparent bodies. Now birds flying in the 
air, and meeting with many obstacles, as 
branches and leaves of trees, require to have 
their eyes sometimes as flat as possible for 
protection ; but sometimes as round as pos- 
sible, that they may see the small objects, flies 
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4Bd Qtbfer iii8ects» which iJbxf aate cbaskig 
tfa»iu^ the air^ and which they pursve with 
.the most xinemng ^ertaiiity. This codd 
onlj be aocomplidied 1:^ giving than a power 
of iBiiddenlj dnu^ng the £oima of theur eyes. 
Aoeocdii^y, there is a set t)f hard Bcafes 
placed on the outer coat of thek eje, rotnfed 
the pl^ce wheije the light enters; and t>var 
these scales are drawn the muscles or fibres 
by whidi motion is communicaEted; bo that, 
by acting with these muscle^ the biid oan 
press the scales^ and squeeze the natural mag- 
nifier of die eye into a round shape whea it 
wishes to fellow an insect throu^ the air, aad 
can rdax the scal^^ in order to flatten the eye 
again when it would see a distant ofcgect^ or 
aaiove safely through leaves and twigs. This 
power of altering the shape of the eye is pOB. 
sessed by birds of prey in a very r^narkable 
degree. They can thus see the smallest ob- 
jects close to them, and can yet discern larger 
bodies at vast distances, as a carcass stretched 
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Upon the ^lidifi, or a 'dying fish afloat on the 
water. 

A siiigular provision is made for kedping 
the sarfiice^f the bird's eye clean-— for tdping 
the glass of the in^trtiment, as it H^ere-^rid 
also fer Iprdtecting it, while rapidly flying 
through the aor and through thickets, without 
htedering the sight. Birds are, for these pur- 
poses, fuiubhed with a third eyelid, a fine 
meiidbraBe or skin, which is constantly mov^ 
▼ery rapidly over the eyebaH by two muscles 
placed in the bade df IJie eye. One of the 
HRitefes ends in a loop, the other in a string 
which go^ through the loop, and is fiied in 
die eoraei* of the membrane, to pull it back- 
ward and forward. If you wish to draw a 
thing towards any place with the l^ast force, 
you must pull directly in the line betwten the 
thii!^ and the plade ; but if you wish to draw 
it as quickly as possible, iand with the most 
convenience, and do not regard the loss of 

>£i^roe, you must pull it t)bliquely^ by dfaiiring 
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it in two directions at once. Tie a string to 
a stone, and draw it straight towards you with 
one hand ; then, make a loop on another string, 
and running the first through it, draw one 
string in each hand, not towards you, but 
sideways, till both strings are stretched in a 
straight line: you will see how much more 
ea^y the stone moves quickly than it did 
before when pulled straight forward. ~ Again, 
if you tie strings to the two ends of a rod, or 
slip of card, in a running groove, and bring 
them to meet and pass through a ring or hole, 
for every inch in a straight line that you draw 
both together below the ring, the rod will move 
onward two. Now this is proved, by mathe- 
matical reasoning, to be the necessary conse- 
quence of forces applied obliquely : there is a 
loss of power, but a great gain in velocity and 
convenience. This is the thing required to be 
gained in the third eyelid, and the contrivance 
is exactly that of a string and a loop, moved 
each by a muscle, as the two strings are by the 
hands in the cases we have been supposing. 
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A third eyelid of the same kind is found in 
the horse, and called the haw ; it is moistened 
with a' pulpy substance (or mucilage) to take 
hold of the dust on the eyeball, and wipe it 
dear o£F ; so that the eye is hardly ever seen 
with any thing upon it, though greatly ex- 
posed from its size and posture. The swift 
motion of the haw is given to it by a gristly, 
elastic substance, placed between the eyehaU 
and the socket, and striking ohUquely, so aa 
to drive out the haw with great velocity over 
the eye, and then let it come back as quickly. 
Ignorant persons, when this havr is inflamed 
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from cold^ and swells so as to appear, which 
it never does in a healthy state, often mistake 
it for an imperfection, and cut it off: so 
nearly do ignorance and cruelty produce the 
same mischief. 

If any quantity of matter, as a pound of 
wood or iron, is fashioned into a rod of a cer- 
tain length, say one foot, the rod will be 
strong in proportion to its thickness; and, 
if the figure is the same, that thickness can 
only be increased by making it hollow. 
Therefore, hollow rods or tubes, of the same 
length and quantity of matter, have more 
strength than solid ones. This is a principle 
so well understood now, that en^neers make 
their axles and other parts of machinery hol- 
low, and therefore stronger with the same 
weight, than they would be if thinner and 
soUd. Now the bones of animals are all more 
or less hollow; and are therefore stronger 
with the same weight and quantity of matter 
than they otherwise would be. But birds 
have the largest bones in proportion to their 
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irdg^t; thdrbo»es are niorehdllowthah those 
of aniiiMls whkh A0 not fly ; and therefore 
tiiej have the needful sti^figth without having 
to carry more weight than is abecdutel j neces- 
i^ary. Their quilte derive strength from the 
same consituction. They possess another pe- 
culiarity to help their flight. No other ani- 
mals have any colnmunieation bietween the 
air-vessels (^ their lungs and the hollow part6 
of their- bodies ; but birds have it ; and by 
this means they t3an blbw out their bodies 
as We do a bladder, and thus become lighter 
wh^ they would dther make their flight 
towards the gl'ound slower ^ or rise more 
iswiftty , or float more easily in the air ; while^ 
by lessening thdr bulk and closing their 
wiiigs, they can drop more speedily if they 
mAk to chase^ or to escape. Fishes possess a 
power of the same kind, though not by the 
saiiie meani^. They have air-bladders in 
their bodies, and can puff them out, or press 
them closer^ at pleasure : when they want td 
rise in the water^ they flll out the bladder, 

F 6 
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and this lightens them: when they would 
sinky they squeeze the bladder, pressing the 
air into a smaller space, and this makes them 
heavier. If the bladder breaks, the fish re- 
mains at the bottom, and can be held up only 
by the most laborious exertions of the fins and 
tail. Accordingly, flat fish, as skaits and floun- 
ders, which have no air-bladders, seldom rise 
from the bottom, but are found lying on banks 
in the sea, or at the bottom of rivers. 

If you have a certain space, as a room, to 
fill up with closets or little cells, all of the same 
size and shape, there are only three figures 
which will answer, and enable you to fill the 
room without losing any space between the 
cells ; they must either be squares, or figures 
of three equal sides, or figures of six equal 
sides. With any other figures whatever, . 
space would be lost between the cells. This 
is evident upon considering the matter ; and 
it is proved by mathematical reasoning. The 
six-sided figure is by far the most convenient 
of those three shapes, because its comers are 
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flatter^ aiid any round body placed in it has 
therefore more space, less room being lost in 
the comers. This figure, too, is the strongest 
of the three ; any pressure from without or 
from within will hurt it least, as it has some- 
thing of the strength of an arch. A round 
figure would be still stronger, but then room 
would be lost between the circles, whereas 
with the six-sided figure none is lost. Now, it 
is a most remarkable fact, that^ee^ build their 
cells exactly in this shape, and thereby save 
both room and materials beyond what they 
could save if they built in any other shape 
whatever. They build in the very best pos- 
sible shape for their purpose, which is to save 
all the room and all the wax they can. So 
far as to the shape of the walls of each ce]l ; 
but the roof and floor, or top and bottom, are 
built on equally true principles. It is proved 
by mathematicians, that, to ^ve the greatest 
strength, and save the most room, the roof 
and floor must be made of three square planes 
meeting in a point; and they have further 
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proved^ by a demonstration belonging to the 
highest parts of Algebra^ that there is one 
particular angle ot inclination of those planes 
to eadi other where they meet^ which makes 
a greater saving of materials and of work than 
any other inclination whatever could posdUy 
do. NoWj the Bees actually make the tops 
and bottoms of their cells of three planes 
meeting in a point; and the inclinations or 
angles at which they meet are precisely those 
found out by the mathematician to be the 
best possible for saving wax and work*. Who 
would dream of the bee knowing the highest 
branch of the Mathematics — ^the fruit of 

* Koenig, pupil of Bemouilli, and Maclaurin, prored by 
yery refined investigations, carried on with the aid of the 
fluxional^calculas, that the obtuse angle must be 109^ 28^, 
and the acute 70*^ 32^, to save the most wax and work 
possible. Maraldi found by actual measurement, that the 
angles are aiot^ 110<^and70^ These angles never vary 
in any place ; and it is scarcely less singular, that th« 
breadth of all bees* cells are every where precisely the 
same^ the drone or male cells being I'^th, and the worker 
or female cells ^§th of an inch in breadth, and this in all 
countries and times. 
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ewton's most wottderful dlsooveiy — a result, 
K), of vhich he was himself ignorant, one of ■ 
is most celebrated followers having found it 
It in a later age P This little inaect works with 
truth and correctness which are perfect, and 
x»rding to the principles at which man has 
"rived only after ages of slow improvement 
I the most diiBcult branch of the most difii- 
ilt scaence. But the Mighty and All-wise 
reator, who made the insect and the philo- 
^her, bestowing reason on the latter, and 
viug the former to work without it — to 
[lm all truths are known from all eternity, 
ith an intuition that mocks even the con* 
ptions of the sagest of human kind. 
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It may be recollected, that when the air is 
exhausted or sucked out of any vessel, there 
is no longer the force necessary to re^st the 
pressure of the air on the outside; and the 
sides of the vessel^ are therefore pressed in- 
wards with violence : a flat glass would thus 
be broken, unless it were very thick ; a round 
one, having the strength of an arch, would 
resist better ; but any soil substance, as 
leather or skin, would be crushed or squeezed 
together at once. If the eir was only sucked 
out slowly, the squeezing would be gradual ; 
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or, if it vete only half sucked out, the skin 
would only be partly squeezed together. 
TIus is the process by which Bees reach 
the fine dust and juices of hollow flowers, 
like the honeysuckle, and some kinds of long 
fbx-glove, which are too narrow for them to 
enter. They fill up the mouth of the flower 
with their bodies, and suck out the air, or at 
least a large part of it ; this makes the soft 
ndes of the flower close, and squeezes the 
dust and juice towards the insect as well as a 
hand could do, if applied to the outude. 
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We may remember tMs pressiffe or ^wieigtrt 
of the atmosphere as shown by tlie Batottt^t^, 
and the Sucking-puitiJ). Its weight is neair 
fifteen pounds on every square inch, so that if 
we could entirely squeeze out die air between 
our two iiands, they would cling t6gethe!r 
widi a force equal to the pressure oif double 
this weight, because the A would press upon 
both hands ; and if we codld contrive to suck 
or squeeze out the sir between one hand and 
the wall, the hand would stidc £ftst to the wall, 
being pressed on it with the weight tsi above 
two hundred weight, that is, near fifteen 
pounds on every square inch of die hand. 
Now, by a late most curious discovery of Sir 
Everard Home, the distinguished anatomist, 
it is found that this is the very process by 
which Hies and other insects of a similar 
description are enabled to walk up perpendi^ 
cular surfaces, however smooth, as the sides 
of walls and panes of glass in windows, and to 
walk as easily tdong the ceiling of a room with 
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their bodies downwards and their feet over 

head. Their feet, when examined by a mi- 

cT08oope> are found to have flat skins or flaps, 

like the feet of web-footed animals, as ducks 

and geese; and they have by means of strong 

folds the power of dramng the flap close down 

upon the glass or wall the fly walks on, and 

thus squeezing out the air completely, so as 

to make a vacuum between the foot and 

the glasa or wall. The consequence of this 

is, that the air presses the foot on the wall 

witb a very considerable force compared to 

the weight of the fly ; for if its feet are to 

its body in the same proportion as ours are to 

our bodies, since we could su[^rt by a single 

hand on the ceiling oi the room (provided it 

made a vacuum) more than our whole weight, 

naitely, a weight of above fifteen stone, the 

fly can easily move on four feet in the same 

maimer by hdp of the vacuum made under 

its feet. 
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flf , And oT > grkKbopprr. 

n of Ibe a^B ioot. prsHd 
dawn upon a flat anTTue bj rb« toen ODUide, and lifted up bj tba idiib- 
elu behind wbni (be inima] voiea forward, fi ii Ibe nckcr of Ibe 
grauhopprr. and C are the soft elutlo cnshions on the nsdcT aide of 
the fnnl foot OB whirb It ligbti, and so ialli lofUf Hbeo itipiingt.] 

It has likewise beeo found that some 
of the larger Sea-animals are by the same 
constructioD, only upon a greater scale, ena- 
bled to climb the perpendicular aad smooth 
sur&cesofthe ice hills among which they Uve. 
Some kinds of Lizard have a like power 
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of climbing^ and of creeping with their bodies 
downwards along the ceiling of a room ; and 
the means by which they are enabled to do 
so are the same. In the large feet of those 
animals, the contrivance is easily observed, of 
the toes and musdes, by which the skin 
of the foot is pinned down, and the air ex- 
duded in the act of walking or climbing ; but 
it is the very same, only upon a larger scale, 
with the mechanism of a fly's or a butterfly's 
foot; and both operations, the climbing of 
the sea-horse on the ice, and the creeping of 
the fly on the window or the ceiling, are per- 
formed exactly by the same power, the weight 
of the atmosphere, which causes the quick- 
silver to stand in the weather-glass, the wind 
to whistle through a key-hole, and the piston 
to descend in an old steam-engine. 

Although philosophers are not agreed as 
to the peculiar action which light exerts upon 
vegetation, and there is even some doubt 
rejecting the. decomposition of air and water 
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during that process, otie thing is undeniable,^ — 
the necessity of light to the growth and health 
of plants : widiout it they have neither colour, 
taste,, nor smell ; and accordingly they are for 
the most pdrt so formed as^ to receive it at all 
times when it shines on them. Their cups, 
and the litjtle assemblages of dieir leav^ before 
they sprout^, ar^ found ta be more or less^ 
affected by the light, so as to open and receive 
it. In several kinds of plants this is more 
evident, than in others; their flowers close 
entirely at night, and open in the day. Some 
constantly turn round towards the light, fol- 
lowing the sun, as it were, while he makes or 
seems to make his revolution, so that they re- 
ceive the greatest quantity possible of his rays. 
Thus clover in a field follows the apparent 
course of the sun. But all leaves of plants 
turn to the sun, place them how you will, 
light being essential to their thriving. 

The lightness of inflammable gas is well 
known. When bladders of any size are filled. 
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with it, tbey rise upwards, and float in the 
air. Now, it is a most curious fact, ascertained 
by Mr. Knight, that the fine dust, by means 
of which plants are impi^gnated one from ano- 
ther, is composed of very small globules, filled 
with this gas — ^in a word, of small air-balloons. 
These globules thus float from the male plant 
tbrou^ the air, and striking against the fe- 
males, are detained by a glue prepared on pur- 
pose to stop them, which no sooner moistens 
the globules than they explode, and their sub- 
stance remains, the gas flying ofi* which ena- 
bled them to float. A proviidon of a very 
simple kind is also, in some cases, made to 
prey^it the mtde and female blossoms of the 
same plant from breeding together, this being 
found to hurt the breed of vegetables, just as 
breeding in and in spoils the race of animals. 
It is contrived that the dust shall be shed by 
the male blossom before the female of the 
same plant is ready to be aflected by it ; so 
that the impregnation must be performed by 
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the dust of some other plant, and in this way 
the breed be crossed. The light gas with 
which the globules are filled is most essential 
to the operation, as it conveys them to great 
distances. A plantation of yew-trees has been 
known, in this way, to impregnate another 
several hundred yards off. 

The contrivance by which some creeper 
plants are enabled to climb walls, and fix 
themselves, deserves attention. The Virginia 
creeper has a small tendril, ending in a claw, 
each toe of which has a knob, thickly set with 
extremely small bristles ; they grow into the 
invisible pores of the wall, and swelling, stick 
there as long as the plant grows, and prevent 
the branch from falling ; but when the plant 
dies, they become thin again, and drop outj 
so that the branch falls down. 
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[Rs|ireHDhtke ViiiiiiunCnepn(01inu»>dmK«). A [laEtrDFUiB 
Q^t eikbof Ebfl tsndrila mepilfied, nod ihawiD^ the little bunons on its 
iiHB. Tbii run ippliriBE itteU M ■ wall, 11io» bnCtHis, which u< tx- 
^remrlf hdhII and iharpt pmv bto the BmtUlesI chialu ADdcrannieB, uui 
ihffTe lAds fuid cuoot &ll out igftin. to tJiAt th« pluit ii BDpport«L 

The Tanifla plantof the West Indiesclimbs 
round trees likewise hy means of tendrils ; but 
when it has fixed itself, the tendrils drop off, 
and leaves are formed. 

It is found hy chemical esperiments, that 
the juice which is in the stomachs of animals 
(called the gastric jwice, from a Greek word 
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signifying the belly) has very peculiar pro- 
perties. Though it is for the most part a 
tasteless, clear, and seemingly a very simple 
liquor, it nevertheless possesses extraordinary 
powers of dissolving substances which it 
touches or mixes with ; and it varies in differ- 
ent classes of animals. In one particular it is 
the same in all animals ; it will not attack 
living matter, but only dead ; the conse- 
quence of which is, that its powers of eating 
away and dissolving are perfectly safe to the 
animals themselves, in whose stomachs it re- 
mains without ever hurting them. This 
juice differs in different animals according to 
the food on which they subsist; thus, in 
birds of prey, «s kites, hawks, owls, it only 
acts upon animal matter, and does not dis- 
solve vegetables. In other birds, and in all 
animals feeding on plants, as oxen, sheep, 
hares, it dissolves vegetable matter, as grass, 
but will not touch flesh of any kind. This 
has been ascertained by making them swallow 
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balls with meat in them, and several holes 
drilled through, to let the gastric juice reach 
the m^t: no effect was produced upon it. 
We may further observe, that there is a most 
curious and beautiful correspondence between 
this juice in the stomach of different animals 
and the other parts of their bodies, connected 
with the important operations of eating and 
digesting their food. The use of the juice is 
plainly to convert what they eat into a fluid, 
from which, by various other processes, all 
their parts, blood, bones, muscles, &c., are 
afterwards formed. But the food is first of 
all to be obtained, and then prepared by 
bruising, for the action of the juice. Now 
birds of prey have instruments, their claws 
and beaks, for tearing and devouring their 
food, (that is, animals of various kinds,) but 
those instruments are useless for picking up 
and crushing seeds : accordingly they have a 
gastric juice which dissolves the animals they 
eat ; .while birds which have only a beak fit 

G2 
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for pecking, and eating seeds, have a juice 
that dissolves seeds, and not flesh. Nay more, 
it is found that the seeds must be bruiaed 
befor^ the juice will dissolve them : this you 
find by tiying the experiment in a vessel with 
the juice ; and accordingly the birds have a 
gizzard, and animals which graze have fiat 
teeth, which grind «id bruise their food, be- 
fore the gastric juice is to act upon it. 
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We have seen how wonderfully the Bee 
works, according to rules discovered by man 
thoiisands of years after the insect had been 
following them with perfect accuracy. The 
same little animal seems to be acquainted 
with principles of which we are still ignorant. 
We can, by crossing, vary the forms of 
cattle with astonishing nicety; but we have 
no means of altering the nature of an animal 
once bom, by means of treatment and feeding. 
This power, however, is undeniably possessed 
by the bees. When the queen bee is lost by 
death or otherwise, they choose a grub from 
among those which are bom for workers ; 
they make three cells into one, and placing 
the grub there, they build a tube round it ; 
they afterwards build another cell of a pyra- 
midal form, into which the grub grows ; they 
feed it with peculiar food, and tend it with 
extreme care. It becomes, when transformed 
from the worm to the fly, not a worker, but 

a queen bee. 

G 3 
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These singular insects resemble our own 
species^ in one of our worst propensities, the 
disposition to war; but their attention to their 
sovereign is equally extraordinary, though of 
a somewhat capricious kind. In a few hours 
after their queen is lost, the whole hive is in a 
state of confusion. A singular humming is 
heard, and the bees are seen moving all over 
the surface of the combs with great rapidity. 
The news spread quickly, and when the queen 
is restored, quiet immediately siibceeds. But 
if another queen is put upon them, they in- 
stantly discover the trick, and, surrounding 
her, they either suffocate or starve her to 
death. This happens if the false queen is 
introduced within a few hours after the first 
is lost or removed ; but if twenty-four hours 
have elapsed, they will receive any queen, and 
obey her. 
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nil*, t Ihaworicgr, 101(06 ftaale.] 




: Mmgd bf tbe fnUfum utODloTllie 
nuiaimiikcitmEaik.] 

The labours and the policy of the Ants are, 
when closely examined, still more wonderful, 
periiaps, than those of the Bees. Their nest 
is a city consisting of dwelling-places, halls, 
streets, and squares into which the streets 
open. The food they prindpally like is the 
honey which comes from another insect found 
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feet square. Its ades inclined like the Iowa* 
part of a pyramid, the point being cut off. 
He was infonned that it became necessary to 
destroy these nestS) by raising a sufficient 
force to dig a trench all round, and fill it with 
fagots, which were afterwards set on fire; 
and then battering with cannon from a dis- 
tance, to drive the insects out and make them 
run into the flame$. This was in South 
America; and African travellers have met 
with them in the same fcninidable numbers 
and strength. 

The older writers of books upon the habits 
of some animals abound with stories which 
may be of doubtful credit. But the facts 
now stated, respecting thie Ant and Bee, may 
be reUed on as authentic. They are the re- 
sult of very late observations, and experiments 
made with great accuracy by several most 
worthy and intelligent men ; and the greater 
part of them have the confirmation arising 
from more than one observer having assisted 
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in the inquiries % The habits of Beavers are 
equally well authenticated, and, bebg more 
easily observedji are vouched by a greater 
number of witnesses. These animAls, as if to 
enable them to live and move either on land or 
water^ have two web-feet like those of ducks or 
water dogs, and two like those of land animals. 
When they wish to construct a dwelling place, 
or rather dty, for it serves the whole body, 
they choose a level ground with a stream run- 
ning through it ; they then dam up the stream 
so as to make a pond, and perform the opera- 
tion as skilfully as we could ourselves. Next 
they drive into the ground stakes of five or six 
feet long in rows, wattling each row with twigs, 
and puddling or filling the interstices with clay 
which they ram close in, so as to make the 
whole solid and water-tight. This dam is 
likewise shaped on the truest prindples ; for 

* A singular circamstanoe occasioned this in the case 
of Mr. Huber, by far the most eminent of these natu- 
ralists : he was quite blind, and performed all his experi- 
ments by means of assistants. 

G 6 
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the upper side next the water slopes, and the 
side below is perpendicular ; the base of the 
dam is ten or twelve , feet thick : the ,top or 
narrow part two or three, and it is sometimes as 
long as one hundred feet *. The pond being 
thus formed and: secured^ they make their 
houses round the edge of it; they. are cells, 
with vaulted roofs, and upon piles: they are 
made of stones, earth, and sticks; the walls 

- * If the base is twdve, and the top three feet thick, and 
the height six feet, the face must be. the side <^ a right- 
angled triangle, whose height is eight feet. This would 
be the exact proportion which there ought to be, upon 
mathematical principles, to give the greatest resistance 
possible to the water in its tendency to turn the dam round, 
provided the materials of which it is made were lighter 
than water in the proportion of 44 to 100. But the ma- 
terials are probably more than twice as heavy as water, 
and the form of so flat a dike is taken, in all likelihood, in 
order to guard against a more imminent danger — ^that of 
the dam being carried away by being shoved forwards. 
We cannot calculate what the proportions are which give 
the greatest possible resistance to this tendency, without 
knowing the tenacity of the materials, as well as their spe- 
cific gravity. It may very probably be found that the con- 
struction is such as to secure the most completely against 
the two pressures at the same time. 
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are two feet thick, and plastered as neatly 
as if the trowel had been used. Some- 
times they have two or three stories for re- 
treating to in case of floods ; and they always 
have two doors, one^ towards the water, and 
one towards the land. They keep their win- 
ter provisions in stores, and bring them out to 
use ; they make their beds of moss ; they live 
on the bark of trees, gums, and crawfish. Each 
house holds from twenty to thirty, and there 
may be from ten to twenty-five houses in all. 
Some of their communities are larger than 
others, but there are seldom fewer than two or 
three hundred inhabitants. In wc^king they 
all bear their shares ; some gnaw the trees and 
branches with thdr teeth to form stakes and 
beams ; others roll the pieces to the water ; 
others, diving, make holes with their teeth to 
place the piles in; others collect and carry 
stones and clay ; others beat and mix the mor- 
tar ; and others carry it on their broad tails, 
and with these beat it and plaster it. Some 
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superintend the rest, and make ^gnals by 
sharp strokes with the tail) which are carefully 
attended to; the beavers hastening to the 
place where they are wanted to work) or to 
repair any hole made l^ the -watsr, or to de- 



PLEASOHSS Oy SCIENCE. 135 

fend themselves or make their escape, when 
attacked by an enemy. 

The fitness of different animals, by their 
bodily stiucture, to the tnrcumstances in which 
they are found, presents an endless subject of 
curious inquiry and pleasing contemplation. 
Thus, the Catnet, which lives in sandy deserts, 




[TlieCiiBeL] 
bos brood spreading boo& to support him on 
the loose soil; and an apparatus in his body 
by which water is kept for many days, to be 
used when no mcnsture can be had. As this 
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would be useless in the neighbourhood of 
streams or wells, and as it would be equally 
so in the desert, where no water is to be found, 
there can be no doubt that it is intended to 
assist in journeying across the sands from one 
watered spot to another. There is a singular 
and beautiful proviaon made in this animal'^s 
foot, for enabling it to sustain the fatigue of 
journeys under the pressure of its great weight. 
Beside the yielding of the bones and ligaments, 
or bindings, which gives elasticity to the foot 
of the deer and other animals, there is in the 
Camel^s foot, between the homy sole and the 
bones, a cushion, like a ball, of soft matter, 
almost fluid, but in which there is a mass of 
threads extremely elastic, interwoven with the 
pulpy substance. The cushion thus easily 
changes its shape when pressed, yet it has 
such an elastic spring, that the bones of the 
foot press on it uninjured by the heavy body 
which they support, and this huge animal 
steps as sc^ly as a cat. 
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Nor need we flee to the desert in order to 
witness an example of skilful structure: the 
limbs of the Horse display it strikingly. The 
bones of the foot are not placed directly 
unda- the wdght ; if they were in an upright 
positi(«, they would make a firm pillar, and 
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every modoii would cause a Bhock, They 
are placed elanting or oblique, and tied to- 
gether by an elastic binding on thar lower sur- 
faces, so as to form springs as exact as those 
which we make of leather and steel for car- 
riages. Then the flatness of the hoof whidi 
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Stretches out on each side, and the frog coming 
down in the middle between the quarters, adds 
greatly to the elasticity of the machine. Ig- 
norant of this, ill-informed farriers nail the 
shoe in such a manner as to fix the quarters, 
and cause permanent contraction of the bones, 
ligaments, and hoof — so that the elasticity is 
destroyed ; every step is a s)iock ; inflamma- 
tion and lameness ensue ^. 

The Rein-^er inhabits a country covered 
with snow the greater part of the year. Ob- 
serve how admirably its hoof is formed for 
going over that cold and light substance, with- 
out sinking in it, or being frozen. The under 
side is covered entkely with hair, of a warm 
and close texture ; and the hoof, altogether, 
is very broad, acting exactly like the snow- 
shoes which men have constructed for giving 
ihem a larger space to stand on than thdr feet, 

* Mr. Bracey Clarke has contrived an expanding shoe, 
which, by a joint in front, opens and contracts so as to 
obviate the evils of the common process. 
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and thus avoid sinking. Moreover, the deer 
spreads the hoof as wide as possible vrhea it 
touches the ground; but, as tMs breadth 
would be inconvenient in the air, by fKcasion- 
ing a greater resistance while he iw moviog 
aloDg, no sooner does he lift the hoof than the 
two parts into which it is cloven fall togetha*, 
and so lessen the surface exposed to the air. 
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^ust as we may recollect the birds doing with 
their bodies and wings. The shape and struc- 
ture of the hoof is also well adapted to scrape 
away the snow, and enable the animal to get 
at the particular kind of moss (or lichen) on 
which he feeds. This plant, unlike others, is 
in its full growth during the winter season ; 
and the Rein-deer accordingly thrives, from 
its abundance, at the season of his greatest 
use to man, notwithstanding the unfavourable 
^ects of extreme cold upon the animal system . 
There are some insects, of which the males 
have wings, and the females are grubs or 
Of these, the Glow-uorm is the most 
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remarkable : it is the female, and the male is 
a Qjt which would be unable to find her out, 
creeping as she does in the dark lanes, but 
for the shilling li^t which she gives, to attract 
him. 

There is a singular fish found in the Medi- 
terranean, called the Nautiltts, from its skiU 
in navigation. The back of its shell resembles 
the hulk of a ship ; on this it throws its^, 
and spreads two thin membranes to serve fgr 
two sails, paddling itself on with its feet, or 
feelers, as oars. 
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The Ostrich lays and hatches her eggs in the 
sands : her form being ill adapted for sitting 
on them, she has a natural oven furnished by 
the sand, and the strong heat of the sun. The 
Ctickoo is known to build no nest for herself, 
but to lay in the nests of other birds ; but late 
observations show that she does not lay indis- 
cruninately in the nests of all birds ; she only 
diooses the nests of those which have bills of 
the same kind with herself, and therefore feed 
on the same kind of food. The Dtick 9 and other 
birds breeding in muddy places, have a pecu- 
liar formation of the bill : it is both made so 
as to act like a strainer, separating the finer 
from the grosser parts of the liquid, and it is 
more furnished with nerves near the point than 
the bills of birds which feed on substances more 
exposed to the light ; so that being more sensi- 
tive, it serves better to grope in the dark 
stream for food. The bill of the Snipe is 
covered with a curious net-work of nerves for 
the same purpose ; but the most singular pro- 
vision of this kind is observed in a bird called 
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the Totican, or Egg-sucker , whidi dndy 
feeds on the eggs found in birds^ nests^ and 
in ooimtries where these are very deep and 
dark. Its bill is broad and long ; when exa- 
mined, it appears completely covered with 
branches of nerves in all directions ; so that, 
by groping in a deep and dark nest, it can 
feel its way as accurately as the finest and most 
delicate finger could. Almost all kinds of 
birds build their nests of materials found 
where they inhabit, or use the nests of other 
birds ; but the Swallow of Java lives in rocky 
caverns on the sea, where there are no mate- 
rials at all for the purpose of building. It is 
therefore so formed as to secrete in its body 
a kind of slime with which it makes a nest, 
much prized as a delicate food in Eastern 
countries. 

Plants, in many remarkable instances, are 
provided for by equally wonderful and skilful 
contrivances. There is one, the Musciptila, 
Fly-trap, or Fly-catcher, which has small 
prickles in the inside of two leaves, or half 
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leaves, joined by a hinge ; a juice or syrup is 
provided on their inner surface, which acts as 
a bait to allure flies. There are several small 
spines or prickles standing upright in this 
syrup, and upon the only part of each leaf 
that is sensitive to the touch. When the fly, 
therefore, settles upon this part, its touching, 
as it were, the spring of the trap, occasions the 




{Jhe*DionaBa MuscipulOt or 7\j Trvp. The lowest part shows one of 
the pods or leaves opens, with the spine on which the flies areentangled, 
so as to make the two leaves close and catch the flj.] 

H 
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leaves to shut^and kill and squeeze the insect ; 
whose juices and the air arising from their 
rotting serve as food to the plant. 

In the West Indies, and other hot countries 
of South America, where rain sometimes does 
not faU for a great length of time, a kind of 
plant called the WUd-pine grows upon the 
branches of the trees, and also on the bark of 

» 

the trunk. It has hollow or bag-like leaves 
so formed as to make little reservoirs of water, 
the rain falling into them through channels 
which close at the top when full, and prevent 
it from evaporating. The seed of this useful 
plant has staall floating threads, by which, 
when carried through the air, it catches any 
tree in the way, and falls on it and grows. 
Wherever it takes root, though on the under 
side of a bough, it grows straight upwards^ 
otherwise the leaves would not hold water. 
It holds in one leaf from a pint to a quart ; 
and although it must be of great use to the 
trees it grows on, to birds and other animals 
its use is even greater. 
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" When we find these pnee," aays Dam- 
pier, the famous navigator, " we stick our 
knives into the leaves just ahove the root, and 
the water gushing out, we catch it in our 
hats, as I myself have frequently done to my 
great relirf." 




[Anitoftli«T(aiiiiWa.orW»tw^wiUi.] 

Another tree, called the fVdter-with, in 
Jamaica, has mmilar uses: it is like a vine 
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in size and shape, and though growing in 
parched districts, is jet so full of clear sap or 
water, that by cutting a piece two or three 
yards long, and merely holding it to the 
mouth, a plentiful dra,ught is obtained. In the 
East there is a plant somewhat of the same 
kind, called the BejucOy which grows near 
other trees and twines round them, with its 
end hanging downwards, 'but so full of juice, 
that, on cutting it, a good stream of water 
spouts from it ; and this, not only by the 
stalk touching the tree so closely must refresh 
it, but affords a supply to animals, and to the 
weary herdsman on the mountains. Another 
plant, the Nepenthes Disiillatoria^ is found in 
the same regions, with a yet more singular 
structure. It has natural mugs or tankards 
hanging from its leaves, and holding each from 
a pint to a quart of very pure water. Two 
singular provisions are to be marked in this 
vegetable. There grows over the mouth of 
the tankard, a leaf nearly its si^e an(l shape. 
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like a Kjl or cover, which prevents evaporation 
from the sun's rays ; and the water that fills the 
tankard is perfectly sweat and clear, although 
the ground in which the plant grows is a 
marsh of the most muddy and unwholesome 
kind. The process of vegetation filtrates or 
distils the liquid, so as to produce from the 
worst, the purest water*. The Palo de Vaca, 
or cow-tree, grows in South America, upon 
the most dry and rocky soil, and in a climate 
where for months not a drop of rain falls. 
On piercing the trunk, however, a sweet and 
nourishing milk is obtained, which the natives 
gladly receive in large bowls. If some plants 
thus furnish drink, where it might least be ex- 
pected, others prepare, as it were, in the desert, 
the food of man in abundance. A single Ta- 
pioca tree is said to a£Pord, from its pith, the 
whole sustenance of several men for a season. 

* A specimen of this curious plant, though of a small 
size, is to be found in the fine collection at Wentworth, 
reared by Mr. Cooper. 

H 3 
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V. ADVANTAGES AND PLEASURES OF SCIENCE. 

After the many instances or samples which 
have now been given of the nature and 
objects of Natural Science, we might proceed 
to a different field, and describe in the same 
way the other grand branch of Human know- 
ledge, that, which teaches the properties or 
habits of Mind — the intellecttuil faculties of 
man, or the powers of his understanding, by 
which he perceives, imagines, remembers, and 
reasons ; — his moral faculties y or the feelings 
and passions which influence him; — andy 
lastly, as a conclusion or result drawn from 
the whole, his duties both towards himself as 
an individual, and towards others as a member 
of society : which last head opens to our view 
the whole doctrines of political science^ in- 
cluding the nature of governments^ oi policy y 
and generally of laws. But we shall abstain 
at present from entering at all upon this field, 
and shall now take up the subject, more par- 
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ticularly pointed at through the course of the 

foregoing observations, and to illustrate which, 

they have been framed, namely, — the Use 

and Pleasure of Scientific Studies. 

Man is composed of two parts, body and 

mind, connected indeed together, but wholly 

different from one another. The nature 

of the union — the part of our outward and 

visible frame in which it is peculiarly formed 

— or whether the soul be indeed connected 

or not with any particular portion of the 

body, so as to reside there — ^are points as yet 

wholly hid from our knowledge, and which 

are likely to remain for ever concealed. But 

this we know, as certainly as we can know any 

truth, that there is such a thing as the Mind ; 

and that we have at the least as good proof 

of its existence, independent of the Body, as 

we have of tlie existence of the JBody itself. 

Each has its uses, and each has its peculiar 

gratifications. The bounty of Providence 

has given us outward senses to be employed, 

H6 
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and has furnished the means of gratifying 
them in various kind, ond in ample measure. 
As long as we only taste those pleasures ac- 
cording to the rules of prudence and of our. 
duty, that is, in moderation for our own sakes, 
and in harmlessness towards our neighbours, 
we fulfil rather than thwart the purpose of 
our being. But the same bountiful Provi- 
dence has endowed us with the higher nature 
also-^with understandings as well as with 
senses — ^with faculties that are of a more ex- 
alted order, and admit of more refined enjoyr 
roents, than any to which the bodily frame can 
minister ; and by pursuing such gratifications, 
rather than those of mere sense, we fulfil the 
most exalted ends of our creation, and obtain 
both a present and a ftiture reward. ThesQ 
things are often said, but they are not thetefere 
the less true, or the less worthy 6f deep atten- 
tion. Let us mark their practical application 
to the occupations and enjoyments of all 
branches of society, beginning with those who 
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form the great bulk of every community, the 
working classes, by what names soever their 
vocations may be called — ^professions, arts, 
trades, handicrafts, or common labour. 

1. The first object of every man who has 
to depend upon his own exertions must needs 
be to provide for his daily wants. This is a 
high and important office; it deserves his 
utmost attention; it includes some of his 
most sacred duties, both to himself, his kin- 
dred, and his coimtry ; and although, in per- 
forming this task, he is only influenced by a 
regard to his own interest, or by his necessities, 
yet it is an employment which renders him 
truly the best benefactor of the community he 
belongs to. All other pursuits must give way 
to this ; the hours ^ich he devotes to learn- 
ing must be after he has done his work ; his 
independence, without which he is not fit to 
be called a man, requires first of all that he 
should have insured for himself, and those 

dependent on him, a comfortable subsistence 

H6 
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before he can have a right to taste any k- 
dulgence, either of his senses or of his mind ; 
and the more he learns — ^the greater progress 
he makes in the sciences — ^the more will he 
value that independence, and the more will 
he prize the industry, the habits of regular 
labour, whereby he is enabled to secure so 
prime a blessing. 

In one view, it is true, the progress which 
he makes in science may help his ordinary 
exertions, the main business of every man's 
life. There is hardly any trade or occupation 
in which useful lessons may not be learnt by 
studying one science or another. The neces- 
sity of science to the more liberal professions 
is self-evident ; little less- manifest is the use 
to their members of extending their know- 
ledge beyond the branches of study with 
which their several pursuits are peculiarly 
conversant. But the other departments of 
mdustry derive hardly less benefit from the 
same source. To how many kinds of work- 
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men must a knowledge of Mechanical Philo- 
sophy be useful ! To how many others does 
Chemistry prove almost necessary ! Every 
one must with a glance perceive that to 
engineers, watch-makers, instrument-makers, 
bleachers, and dyers, those sciences are most 
useful, if not necessary. But carpenters and 
masons are surely likely to do their work 
better for knowing how to measure, which 
Practical Mathematics teaches them, and how 
to estimate the strength of timber, of walls, 
and of arches, which they learn from Practical 
Mechanics ; and they who work in various 
metals are certain to be the more skilful in 
their trades for knowing the nature of those 
substances, and their relations to both heat and 
other metals, and to«the airs and liquids they 
come in contact with. Nay, the farm-servant, 
or day-labourer, whether in his masters em- 
ploy, or tending the concerns of his own cot- 
tage, must derive great practical benefit,-— 
must be both a better servant, and a more 
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thrifty, and therefore comfortable, cottager, 
for knowing something of the nature of soils 
and manures, which Chemistry teaches, and 
something of the habits of animals, and the 
qualities and growth of plants, which he leaml^ 
from Natural History and Chemistry together. 
In truth, though a man be neither mechanic 
nor peasant, but only one having a pot to boiU 
he is sure to leain from science lessons which 
will enable him to cook his morsel better, 
save his fuel, and both vary his dish and im- 
prove it. The art of good and cheap cookery 
is intimately connected with the principles of 
chemical philosophy, and has received much, 
and will yet receive more, improvement from 
thdr application. Nor is it enough to say, 
that philosophers may discover all that is 
wanted, and may invent practical methods, 
which it is sufficient for the working man to 
learn by rote without knowing the principles. 
He never will work so well if he is ignorant 
of the principles ; and for a plain reason : — ^if 
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he only learn his lesson by rote, the least 
change of circumstances puts him out. Be 
the method ever so general, cases will always 
arise in which it must be varjied in order to 
apply; and if the workman only knows the 
rule without knowing the reason, he must be 
at fault the moment he is required to make 
any new application of it This, then, is the 
first use of learning the principles of science : 
it makes men more skilful, expert, and useful 
in the particular kinds of work by which they 
are to earn their bread, and by which they 
are to make it go far and taste well when 
earned. 

2. But another use of such knowledge tp 
handicraftsmen is equally obvious: it gives 
every, man a chance, according to his natural 
talents, of becoming an improver of th^ art he 
works at, and even a discoverer in the sciences 
connected with it. He is daily handling the 
tools and materials with which new experi- 
ments are to be made 3 and daily witnessing 
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the operadons of nature, whether in the mo* 
tions and pressures of bodies, or in their che- 
mical actions on each other. All opportunities 
of making experiments must be unimproved, 
all appearances must pass unobserved, if he 
has no knowledge of the principles ; but with 
this knowledge he is more likely than another 
person to strike out something new whic^i may 
be useful in art, or curious or interesting in 
science. Very few great discoveries have been 
made by chance and by ignorant persons, 
much fewer than is generally supposed. It 
is commonly told of the steam-engine, that an 
idle boy being employed to stop and open a 
valve, saw that he could save himself the 
trouble of attending and watching it, by 
fixing a plug upon a part of the machine 
which came to the place at the proper times, 
in consequence of the general movement. 
This is possible, no doubt ; though nothing 
-very certain is known respecting the origin of 
the story ; but improvements of any value 
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are very seldom indeed so easily found out, 
and hardly another instance can be named 
of important discoveries so purely accidental* 
They are generally made by persons of com- 
petent knowledge, and who are in search of 

them. The improvements of the Steam- 
engine by Watt resulted from the most 
learned investigiation of mathematical, mecha- 
nical; and chemical truths. Arkwright devoted 
many years, five at the least, to his invention 
of spmning jennies, and he was a man per- 
fectly conversant in everything that relates to 
the construction of machinery : he had mi- 
nutely examined it, and knew the effects of 
each part, though he had not received any 
thing like a scientific education. If he had, 
we should in all probability have been 
indebted to him for scientific discoveries as 
well as practical improvements. The most 
beautiful and useful invention of late times, 
the Safety-lamp, was the reward of a series 
of philosophical experiments made by one 
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thoroughly skilled in every broach of chemi* 
cal sdence. The new process of Refining 
Sugar, by which more money has been made 
in a shorter time, and with less risk and 
trouble, than was ever perhaps gained from 
an mvention, was discovered by a most ac- 
complished chemist*, and was the fruit of a 
long course of experiments, in the progress 
of which, known philosophical principles were 
constantly applied, and one or two new prin- 
ciples ascertained. But in so far as chance 
has anything to do with discovery, surely it 
is worth the while of those who are constantly 
working in particular employments to obtain 
the knowledge required, because their chances 
are greater than other people's of so applying 
that knowledge as to hit upon new and useful 
ideas : they are always in the way of perceiv- 
ing what is wanting, or what is amiss in the 
old methods ; and they have a better chance 

* Edward Howard, brother of the Duke 6f Norfolk. 
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of making the improvements. In a word, to 
use a common expression, they are in the way 
of good luck; and if they possess the requi- 
site information, they can take advantage of 
it when it comes to them. This, then, is the 
second great use of learning the sciences : it 
enables men to make improvements in the 
arts^ and discoveries in philosophy, which 
may directly benefit themselves and mankind. 
3. Now, these are the practical advantages 
of learning ; but the third benefit is, when 
rightly considered, just as practical as the 
other two — ^the pleasure derived from mere 
knowledge, without any view to our own 
bodily enjoyments: and this applies to all 
classes, the idle as well as the industrious, if, 
indeed, it be not peculiarly applicable to those 
who enjoy the inestimable blessing of having 
time at their command. Every man is by 
nature endowed with the power of gaining 
knowledge ; and the taste for it, the capacity 
to be pleased with it, forms equally a part of 
the natural constitution of his mind. It is his 
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own fault, or the fkult of his education, if he 
derives no gratification from it. There is a 
satisfEU^tion in knowing what others know— ^ 
in not being more ignorant than those we live 
with : there is a satisfaction in knowing what 
others do not know — ^in being more informed 
than they are. But this is quite independent 
of the pure pleasure of knowledge — of grati- 
fying a curiosity implanted in us by. Provi- 
dence, to lead us towards the better under- 
standing of the universe in which our lot is 
cast, and the nature wherewithal we are 
clothed. That every man is capable of being 
delighted with extending his information upon 
matters of science vnH be evident from a few 
plain considerations. 

Reflect how many parts of the reading, 
even of persons ignorant of all sciences, refer 
to matters wholly unconnected with any 
interest or advantage to be derived from the 
knowledge acquired. Every one is amused 
with reading a story : a romance may divert 
some, and a fairy tale may entertain others ; 
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but no benefit beyond the amusement is 
derived from this source : the imagination is 
gratified ; and we willingly spend a good deal 
of time and a little money in this gratification, 
rather than in resting after fatigue, or in 
any other bodily indulgence. So we read a 
newspaper, without any view to the advan- 
tage we are to gain from learning the news, 
but because it interests and amuses us to 
know what is passing. One object, no doubt, 
is to become acquainted with matters relat- 
ing to the welfare of the country ; but we 
also read the occurrences which do little or 
not at all regard the public interests, and we 
take a pleasure in reading them. Accidents, 
adventures, anecdotes, crimes, and a variety 
of other things amuse us, independent of the 
information respecting public afiairs, in which 
we feel interested as citizens of the state, or 
as members of a particular body. It is of 
little importance to inquire how and why 
these things excite our attention, and where- 
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fore the reading about them is a pleasure: 
the fact is certain ; and it proves clearly that 
there is a positive enjoyment in knowing what 
we did not know before : and this pleasure 
is greatly increased when the information is 
such as excites our surprise, wonder, or ad- 
miration. Most persons who take delight 
in reading tales of ghosts, which they know 
to be false, and feel all the while to be silly 
in the extreme, are merely gratified, or rathet 
occupied, with the strong emotions of horror 
excited by the, momentary belief, for it can 
only last an instant. Such reading is a de- 
grading waste of precious time, and has even 
a bad efiect upon the feelings and the judg- 
ment'*'. But true stories of horrid crimes, as 

* ChUdrens' books have at all times been made upon the 
pernicious plan of exciting wonder, generaUy horror, at 
whatever risk. The folly and misery occasioned by this 
error, it would be difficult to estimate. The. time may 
come when it will be felt and understood. At present, the 
inveterate habits of patents and nurses prevent the' childrw 
from benefiting by the excellent lessons of Mrs. Barbaidd 
and Miss Edgeworth, 
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murders, and pitiable misfortunes, as ship- 
wrecks, are not much more instructive. It 
m^y be better to read these than to sit yawn- 
ing and idle — ^much better than to sit drink- 
ing or gaming, which, when carried to the 
least excess, are crimes in themselves, and the 
fruitful parents of many more. But this is 
nearly as much as can be said for such v^n 
and unprofitable reading. If it be a plea- 
sure to gratify curiosity, to know what we 
were ignorant of, to have our feelings of 
wonder called forth, how pure a delight of 
this very kind does Natural Science hold out 
to its students! Recollect some of the ex- 
traordinary discoveries of Mechanical Phi- 
losophy. How wonderful are the laws that 
r^uiate the motions of fluids! Is there 
any thing in all the idle books of tales and 
horror^ pnore truly astonishing than the fact, 
that a few pounds of water may, by mere 
pressure, without any machinery— by merely 
being placed in a particular way, produce an 
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irredstible force ? What can be more strange, 
than that an ounce weight should balance 
hundreds of pounds, by the intervention of a 
few bars of thin iron ? Observe the extra- 
ordinary truths which Optical Science dis- 
closes. Can any thing surprise us more, 
than to find that the colour of white is a 
mixtiu*e of all others — ^that red, and blue, 
and green, and all the rest, merely by being 
blended in certain proportions, form what we 
had fanded rather to be no colour at aO, 
than all colours together ? Chemistry is not 
behind in its wonders. That the diamond 
should be made of the same material with 
poal ; that water should be chiefly composed 
of an inflammable substance; that adds 
should be, for the most part, formed of differ- 
ent kinds of air, and that one of those adds, 
whose strength can dissolve almost any of the 
metals, should consist of the self-same in- 
gredients with the common air we breathe ; 
that salts should be of a metallic nature 
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and composed, in great part, of metals, fluid 
like quicksilver, but lighter than water, and 
Ti'hich, without any heating, take fire upon 
being exposed to the air, and by burning, 
form the substance so abounding in saltpetre 
and in the ashes of burnt wood: These, 
surely, are things to excite the wonder of any 
reflecting mind — nay, of any one but little 
accustomed to reflect. And yet these are 
trifling when compared to the prodigies which 
Astronomy opens to our view : the enormous 
masses of the heavenly bodies ; their immense 
distances ; their countless numbers, and their 
motions, whose swiftness mocks the utter- 
most efibrts of the imagination. 

Akin to this pleasure of contemplating 
new and extraordinary truths, is the gratifica- 
tion of a more learned curiosity, by tracing 
resemblances and relations between things, 
which, to common apprehension, seem widely 
different. Mathematical science to thinking 
minds affords this pleasure in a high degree. 
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It is agreeable to know that the three angles 
of every triangle, whiitever be its size, how- 
soever its sides may be inclined to each other, 
are always, of necessity, when taken together, 
the same in amount : that any regular kind 
of figure whatever, up6n the one side. of a 
right-angled triangle, is equal to the two 
figures of the same kind upon the two other 
sides, whatever be the size of the triangle: 
that the properties of au oval curve aie 
extremely similar to those of a curve, which 
appears the least like it of any, consisting of 
two branches of infinite extent, with their 
backs turned to each other. To trace such 
unexpected resemblances is, indeed, the object 
of all philosophy ; and experimental science, 

in particular, is occupied with such inves- 
tigations, giving us general views, and 
enabling us to explain the appearances of 
nature, that is, to show how one appearance 
is connected with another. But we are now 
considering only the gratification derived 
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>m learning these things. It is surely a 

dsfaction, for instance, to know that the 

me thing, or motion, or whatever it is, 

iiich causes the sensation of heat, causes also 

lidity, and expands bodies in all directions ; 

At electricity, the light which is seen on the 

ick of a cat when slightly rubbed on a frosty 

rening, is the very same matter with the 

ghtning of the clouds ; — that plants breatlie 

kie ourselves, but differently by day and by 

igbt ; — that the air which burns in our 

mps enables a balloon to mount, and causes 

le globules of the dust of plants to rise, 

oat through the air, and continue their 

ioe;-^in a word, is the immediate cause 

f v^etation. Nothing can at first view 

ppBsr less like, or less likely to be caused 

J: the same thing, than the processes of 

umiig and of breathing, — the rust of metals 

pd burning, — an acid and rust, — the influ- 

Doe of a plant on the air it grows in by 

GJg^ty and of an animal on the same air at 

ny time, nay, and of a body burning in that 

I 2 



WK ; jod jei aD these are die same operation. 
It is m underndble &ct, that the voy sam^ 
thing which makes die fire bum, make^ 
metak rust, fiinns adds, and enables plants 
and animals to breathe ; diat these operadons 
so onfike to oommon eyes, wfa^i examined by 
the light of science, are the same, — die rust- 
ing of metals, — the fcHrmatioQ of acids, — 'the 
burning of inflammable bodies, — ^the breath- 
ing of animals, — and the growth of plants by 
night. To know this is a positive gratifica- 
tion. Is it not pleasing to find the same sub- 
stance in various situations extremely unlike 
each other ; — to meet with fixed air as the 
produce of burning, of breathing, and of 
vegetation ; — to find that it is the choke- 
damp of mines, the bad air in the grotto at 
Naples, the cause of death in neglecting 
brewers'* vats, and of the brisk and acid 
flavour of Seltzer and other mineral springs ? 
Nothing can be less like than the working of 
a vast steam-engine, of the old construction, 
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and the crawling of a fly upon the window. 
Yet we find that these two operations are per- 
formed by the same means, the weight of the 
atmosphere^ and that a sea-horse climbs the 
ice-hills by no other power. Can anything be 
more strange to contemplate ? Is there in all 
the fairy-tales that ever were fancied anything 
more calculated to arrest the attention and to 
occupy and to gratify the mind, than this 
most unexpected resemblance between things 
so unlike to the eyes of ordinary beholders ? 
What more pleasing occupation than to see 
uncovered and bared before our eyes the 
very instrument and the process by which 
Nature works ? Then we raise our views to 
the structure of the heavens ; and are again 
.gratified with tracing accurate but most un- 
expected resemblances. Is it not in the high- 
est degree interesting to find, that the power 
which keeps this earth in its shape, and in its 
path, wheeling upon its axis and round the sun, 
extends overall the other worlds that compose 
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contemplation of experimental inquiries, and 
the examination of reasoning founded upon 
the facts which our experiments and observa- 
tions disclose, is another fruitful source of 
enjojrment, and no other means can be de- 
vised for either imprinting the results upon 
our memory, or enabling us really to enjoy 
the whole pleasures of science. They who 
found the study of some branches dry and 
tedious at the first, have generally become 
more and more interested as they went on ; 
each difficulty overcome gives an additional 
relish to the pursuit, and makes us feel, as it 
were, that we have by our work and labour 
established a right of property in the subject. 
Let any man pass an evening in vacant 
idleness, or even in reading some silly tale, 
and compare the state of his mind when he 
goes to sleep or gets up next morning with 
its state some other day when he has passed 
a few hours in going through the proofs, by 
facts and reasoning, of some of the great doc- 
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trines in Natural Science, learning truths 
wholly new to him, and satisfying liimself by 
careful examination of the grounds on which 
known truths rest, so as to be not only ac- 
quainted with the doctrines themselves, but 
able to show why he. believes them, and to 
prove before others that they are true ; — -he 
will find as great a difference as can exist 
in the same being, — the difference between 
looking back upon jime unprofitably wasted, 
and time spent in self-improvement : he will 
feel himself in the one case listless and dis- 
satisfied, in the other comfortable and happy : 
in the one case, if he do not appear to himself 
humbled, at least he wiU not have earned any 
claim to his own respect ; in the other case, 
he will enjoy a proud consciousness of having, 
by his own exertions, become a wiser and 
therefore a more exalted creature. 

To pass our time in the study of the 
sciences, in learning what others have dis- 
covered, and in extending the bounds o{ 
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human knowledge, has, in all ages, been 
reckoned the most dignified and happy of 
human occupations ; and the name of Phi- 
losopher, or Lover of Wisdom, is given to 
those who lead such a life. But it is by no 
means necessary that a man should do no- 
thing else than study known truths, and 
explore new, in order to earn this high title. 
Some of the greatest Philosophers, in all 
ages, have been engaged in the pursuits of 
active life ; and an assiduous devotion of the 
bulk of our time to the work which our con^ 
dition requires, is an important duty, and 
indicates the possession of practical wisdom. 
This, however, does by no means hinder us 
from applying the rest of our time, beside 
what nature requires for meals and rest, to 
the study of science ; and he who, in what- 
ever station his lot may be cast, works his . 
day^s work, and improves his mind in the 
evening, as well as he who, placed above such 
necessity, prefers the refined and elevating 
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pleasures of knowledge to the low gratifica- 
tion of the senses, richly deserves the name 
of a True Philosopher. 

One of the most delightful treats which 
science affords us is the knowledge of the 
extraordinary powers with which the human 
mind is endowed. No man, until he has 
studied philosophy, can have a just idea of 
the great things for which Providence has 
fitted his understanding — ^the extraordinary 
disproportion which there is between his 
natural strength, and the powers of his mind 
and the force he derives from them. When 
we survey the marvellous truths of Astro- 
nomy, we are first of all lost in the feeling of 
inunense space, and of the comparative in- 
significance of this globe and it^ inhabitants. 
But there soon arises a sense of gratification 
and of new wcinder at perceiving how so in- 
significant a creature has been able to reach 
such a knowledge of the unbounded system 
of the universe — ^to penetrate, as it were. 
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through all space, and become familiar with 
the laws of nature at distances so enormous 
as baffle our imagination — to be able to' say, 
not merely that the Sun has 329^630 times 
the quantity of matter which our globe 
has, Jupiter 308^^, and Saturn 93^ times ; 
but that a pound of lead weighs at the Sun 
22 lbs. 15 ozs. 16 dwts. '8 grs. and | of a 
grain ! at Jupiter 2 lbs. 1 oz. 19 dwts. 1 gr. 
1^ ; and at Saturn 1 lb. 3 ozs. 8 dwts. 20 
grs. -^ part of a grain ! And what is far more 
wonderful, to discover the laws by which the 
whole of this vast system is held together and 
maintained through countless ages in perfect 
security and order. It is surely no mean 
reward of our labour to become acquainted 
with the prodigious genius of those who have 
almost exalted the nature of man above its 
destined sphere, when, admitted to a fellow- 
ship with these loftier minds^ we discover how 
it comes to pass that, by universal consent, they 
hold a station apart, rising over all the Great 
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Teachers of mankind, and spoken of reve- 
rently, as if Newton and Laplace were 
not the names of mortal men. 

The highest of all our gratifications in 
the contemplations of science remains: we 
are raised by them to an understanding of 
the infinite wisdom and goodness which the 
Creator has displayed in his works. Not a 
step can we take in any direction without 
perceiving the most extraordinary traces of 
design ; and the skill everywhere conspicuous 
is calculated, in so vast a proportion of in- 
stances, to promote the happiness of living 
creatures, and especially of our own kind, that 
we can feel no hesitation in concluding that, 
if we knew the whole scheme of Providence, 
every part would be found in harmony with a 
plan of absolute benevolence. Independently, 
however, of this most consoling inference, the 
delight is inexpressible of being able to 
follow, as it were, with our eyes, the marvel- 
lous works of the Great Architect of Nature 
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— ^to trace the unbounded power and exqui- 
site skill which are exhibited in the most 
minute, as weU as the mightiest parts of his 
system. The pleasure derived from this 
study is unceasing, and so various^ that it 
never tires the appetite. But it is unlike the 
low gratifications of sense in another respect • 
while those hurt the health, debase the un- 
derstanding, and corrupt the feelings, this 
elevates and refines our nature, teaching us 
to look upon all earthly objects as insignifi- 
cant, and below our notice, except the pursuit 
of knowledge and the cultivation of virtue ; 
and giving a dignity and importance to the 
enjojrment of hfe, which the frivolous and 
the grovelling cannot even comprehend. 

Let us, then, conclude, that the Pleasures 
of Science go hand in hand with the solid 
benefits derived from it ; that they tend, 
unlike other gratifications, not only to make 
our lives more agreeable, but better; and 
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that a rational being is bound by every 
motive of interest and of duty, to direct his 
mind towards pursuits which are found to be 
the sure path of Virtue as well as of Happi- 
ness. 



END OF THE DISCOURSE. 
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